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The Variscides in the West Sudetes: geological sett  ing and review of
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Abstract: The geological setting of the Sudetes in the NE pfathe Bohemian Massif, the
target area of the CEMC 2008, is outlined and theation of the fieldtrip sites on
a geological sketch map is shown. References omcteel petrological issues,
palaeotectonic evolution and regional tectonicrimtetations are also given.

Keywords: the Sudetes, Bohemian Massif, Variscan orogen, CR2R08

Introduction

The Sudetes in the NE part of the Bohemian Massifcomprised between two major
NW-SE-trending fault systems, parallel to the SWrgira of the East-European Craton
(Fig. 1): the Odra Fault Zone in the NE and theeBHault Zone in the SW (Fig. 2 inset).
Parallel to them is the third important tectonieli the Intra-Sudetic Fault Zone, cutting the
area into two roughly equal parts (Figs. 1 & 2)abidition, the Sudetes area is divided by
the oblique Sudetic Boundary Fault into two morplgital domains: the mountainous SW
part (the Sudetes Mountains) and the dominantly Nl& part, the Fore-Sudetic Block,
largely covered by Cenozoic deposits (Fig. 2).

Bohemian
Massif

400 km
I

Fig. 1. Tectonic setting of the Sudetes in the &z Belt (from Mazur et al. 2006).
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The entire Sudetes area is a complex structuraamacomposed of various types of
geological units (Fig. 2), including: (a) basemeits (fragments of Cadomian crustal
blocks, variously metamorphosed Palaeozoic sedangrduccessions and metaigneous
complexes, all sealed with widespread Variscanityiais), and (b) late- to post-orogenic
(post-Variscan) cover, broadly ranging from the keowCarboniferous up to Cenozoic
deposits.
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Fig. 2. Geological sketch map of the Sudetes (nmexdlifrom Aleksandrowski et al. 1997).
BB - Bardo Basin; ISF - Intra-Sudetic Fault Zon& K - Kamieniec Unit, KMC - Ktodzko
Metamorphic Complex; KZG - Klodzko-zZioty Stok Grawid Massif; LG - Lusatian
Granitoid Massif; NZ - Niemcza Shear Zone; SBF -d&ic Boundary Fault; SSG -
Strzegom-Sobotka Granite Massif; SZ - Skrzynka SEeme; SB - Swiebodzice Basin.
Inset hachure - pre-Permian crystalline rocks; EFZbeEFault Zone; ISF - Intra-Sudetic
Fault Zone; MGH - Mid-German Crystalline High; MOMoldanubian domain; MS -
Moravo-Silesian domain; NP - Northern Phyllite Zpr@@~Z - Odra Fault Zone; RH -
Rhenohercynian domain; SX - Saxothuringian dom&ige assignments: Bt- Late

Proterozoic; Cm - Cambrian; Or - Ordovician; D A@gian; C - Carboniferous; PzEarly
Palaeozoic. Location of the fieldtrip sites is tatied as Al ... B3.

The major Variscan orogenic processes, includirgforgnation, metamorphism,
exhumation and intense granitic plutonism, echogdsyn- to post-orogenic volcanic
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activity and sedimentation at the surface levelmiated through Late-Devonian to
Permian times, ca. 380-280 Ma.

Geological ideas: past and present

Systematic geological investigations in the Suslstarted already in the 1@entury
(for review of early studies see Kryza et al. 2004)e Sudetes were variously interpreted
either as a separate tectonostratigraphic unitinvithe Variscan Belt, referred to as
Lugicum (Suess 1926), or their parts were corrdlatgth the classical zones of the
Variscides (Kossmat 1927): Moldanubian, Saxothuaing and Rhenohercynian zones,
more clearly defined to the west (e.g. Frankéelazniewicz 2000, 2002).

Since the late 1980s, several models were propiasetie geological evolution of the
NE part of the Bohemian Massif (Mazur et al. 20@&d refs. therein). Important
constraints on these models are provided by testoat@mraphic histories and structural
data from various units, but strong arguments coalso from recent petrological
observations, such as the presence and positiasploblites and MORB-type igneous
rocks, HP-HT granulites, HP/T eclogites and bluetsh as well as from new
geochronological data on magmatic, depositional amdamorphic events (Kryza et al.
2004, and refs. therein).

Tectonic sutures: petrological constraints

In the Variscan Belt of Central Europe, the follogv major tectonostratigraphic units
(zones) and separating tectonic sutures can baedefe.g. Franke &elazniewicz 2000
and refs. therein), from north to south: Rhenohaimy Zone - Rheic Suture—
Saxothuringian Zone (+ Mid-German Crystalline Rise)Saxothuringian Suture-
Moldanubian Zone (including Tepla-Barrandian andlddoubiansensu strictezones).
Additionally, along the eastern edge of the Bohemidassif, we find the NNE-SSE-
trending tectonic boundary (Moldanubian Thrust @adorthern prolongation), separating
the core of the Bohemian Massif from the Morave§dn Zone to the east. The Sudetes
area appears to be a kind of structural “knot”, rghgeveral major tectonic sutures meet.
We can try to trace them using a range of strutturd petrological criteria.

1. MORB-type igneous rocks and ophiolites

These types of rocks, combined with other geoklgievidence, are commonly
interpreted as traces of oceanic crust domainsz&(g007), partly based of earlier studies
(Majerowicz 1981, Natbski 1992), distinguished two age groups of MORBetygneous
complexes in the NE part of the Bohemian Massif:o@ 500 Ma mafic and ultramafic
complexes being evidence of older, Cambro-Ordoricaeanic-crust domains (e.g. the
Leszczyniec Complex in the eastern part of the Kaokze-lzera Massif), and (b) ca. 400
Ma volcanic rocks and ophiolitic complexes indingtiyounger, Silurian-Devonian oceanic
domains (e.g. the upper part of the Kaczawa Compled the Central-Sudetic ophiolites).
The model in Fig. 3 shows: (a) contemporaneousadotmtinental rifting and mature
oceanic domains at ca. 500 Ma, as well as (b) yeyrog. 400 Ma oceanic domains.
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500 . Tornquist Old Rheic Intracontinental
Ma Baltica Ocasti Ocear rift Gondwana
b 2 2

400 Leiarussia Tornquist  Old Rheic Young Rheic Gandwars

suture Ocean Ocean
Ma 2

1 ==l EE

Continental and Oceanic crust Lithospheric Asthenospheric
arc-related crust and ophiolites mantle mantle

Fig. 3. Palaeotectonic reconstruction of the evotubf the central-European section of the
Variscides at 500 and 400 Ma (after Kryza 2007).

2. Granulites and eclogites

HP-HT granulites are found in two different aresthe Gory Sowie Massif (GSM),
predominantly felsic granulites (peak conditionstenrd 16-20 kbar, 900-1000; Kryza et
al. 1996), are associated with mantle-derived marfid ultramafic rocks (Briickner et al.
1991), all enclosed within HT-MP gneisses and migpes In the OrlicaSnieznik Massif
(OSM), the felsic granulites, with subordinate rmoafines, occur within migmatitic
gneisses. The age of the HP event has been edlirattea. 390-400 Ma in both areas;
however, the subsequent HT-MP event was datedrastimgly, at ca. 370-380 Ma in the
GSM, and ca. 340 Ma in the OSM (Kryza & Fanning 208nczkiewicz et al. 2007, and
refs. therein). This indicates different P-T-t aaxhumation paths from the lower crustal
levels, suggesting that the two granulite-bearinigstbelong to different terranes.

The OSM is also well known as a classical locatityeclogites (Smulikowski 1967).
Their P-T-t paths were different from those of #mnulites, and several tectonic and
exhumation models have been proposed (Stipska28i0dl, Anczkiewicz et al. 2007, and
refs. therein).

3. Blueschists and mélanges

Important arguments for palaeotectonic recondtinst come from the presence,
distribution and tectonic position of blueschisti&s rocks. They are found in the S and SE
part of the Karkonosze-lzera Massif, where theyewiaterpreted to delineate a possible
tectonic suture formed after the closure of an pimedomain separating possibly two
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continental blocks (terranes?), Saxothuringianhto NW and Tepla-Barrandian (?) to the
SE (Aleksandrowski & Mazur 2002, Oberc-Dziedzicadt in press). In the Kaczawa
Complex, the blueschist facies rocks are spatialbgociated with large bodies of
sedimentary/tectonic melanges, providing argumgraisthe complex comprises fragments
of a Variscan accretionary prism (e.g. Baranowslkale 1990, Collins et al. 2000, Kryza

2008).
?
Kaczawa Terrane
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Fig. 4. Terranes in the Sudetes (after Aleksandko&sMazur 2002). Note that the Central
Sudetic ophiolites have not been shown in that ode

Large-scale tectonic models

The growing amount of structural, petrological aygbchronological data has revealed
important contrasts in the provenance and evolutibmarious units of the Sudetes, and
provided a basis for the application of the terrammcept, resulting in a range of
controversial interpretations (e.g. Cymerman e1987).
According to Franke andelazniewicz (2000), the entire West Sudetes area, ¢xoephe
Gory Sowie Massif interpreted as a part of Bohefoial epla-Barrandian of theensu lato
Moldanubian Zone), belongs to Saxothuringia. FollgyvAleksandrowski and Mazur
(2002), the Sudetic segment of the Variscan Bek feamed due to the accretion of five
major and two or three minor terranes (Fig. 4).nfFneest to east, the major terranes are:
(1) Lusatia-lzera Terrane exposing Armorican caital basement reworked by
Ordovician plutonism and Late Devonian — Carbooifisr collision, showing
Saxothuringian affinities; (2) composite Géry Soviéodzko Terrane characterized by
polycyclic evolution (Silurian subduction, Mid- toate Devonian collision, exhumation
and extension, Carboniferous deformational ovetprinith analogues in the NE Massif
Central and Armorica; (3) Tepla—Barrandian Terraiginguished to incorporate in its
Sudetic segment the Nove Mesto Unit and the SWqfdhe basement of the Intra—Sudetic
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Basin; (4) Moldanubian (Gféhl) Terrane comprisitg tOrlica-Snieznik and Kamieniec
massifs, affected by Early Carboniferous high-grasetamorphism and exhumation; (5)
Brunovistulian Terrane in the East Sudetes, sebmpAvalonian crust and affected by
Devonian to Late Carboniferous sedimentation, mdigmaand tectonism. In that model,
the major terranes are separated by two smalles sqgeeezed along their boundaries: (6)
Moravian Terrane, between Moldanubian and Brunaolist, deformed during Early
Carboniferous collision, and (7) South—East Karlgzmeo Terrane of the Saxothuringian
oceanic realm affinities, sandwiched between thsatia—Izera and Gdry Sowie—Ktodzko
(together with Tepla-Barrandian) terranes, subgetbeHP/T metamorphism and tectonised
due to Late Devonian — Early Carboniferous convecge The Kaczawa Terrane (8) in the
NW, of oceanic accretionary prism features (Barastowet al. 1990, Collins et al. 2000),
metamorphosed and deformed during the latest Damoniearly Carboniferous times, may
either be a distinct unit unrelated to the closnfr¢ghe Saxothuringian Ocean or represent
a continuation of the South—East Karkonosze Ter(iazur et al. 2006).

2008 CEMC fieldtrips

The CEMC 2008 fieldtrips are proposed in the Wastletes, and in the western and
central parts of the Fore-Sudetic Block (Fig. 2Je-Bonference fieldtrip A2 presents
selected structural problems of the Izera—Karkoaddassif, defining tectonostratigraphic
units based on petrological constraints, and ingtimg their boundaries, as well as the
major Intra-Sudetic Fault Zone. Two other excursjotl and A3, cover selected issues of
mineralogy and petrology of complex Variscan gianitycles in the NE part of the
Bohemian Massif.
Post-conference fieldtrip B1 shows the HP-HT graes) the enclosing anatexites in the
Gory Sowie Massif, and their implications for exhatian models; the second part of that
trip demonstrates the Central-Sudetic ophioliteke (Slgza ophiolite) and their
palaeotectonic significance. Fieldtrip B2 explomgiseralogical and petrological features of
the contact aureole of the Variscan Karkonoszeoplutost of the fieldtrips indicate also
various aspects of mineralogy, ore deposits andlynalsandoned mining activities, as well
as geotourist potential of that area.
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The U-Pb isotope analysis of accessory mineragsdikcon or monazite by ID-TIMS or
SHRIMP techniques is the method of choice for mea@nd reliable dating of phases of
magmatism and metamorphism within orogenic belesodBronological data derived from
these tiny accessory minerals commonly serve a®riapt basis for large scale plate
tectonic interpretations (for the Central Europ&amiscides see for instance Oliver et al.
1993; Friedl et al. 2000; Schulmann et al. 200980

Recent research has shown that the growth andstafliyation behaviour of zircon and
monazite can be very complex (e.g. Geisler et@72Hansen and Harlov 2007; Harlov et
al. 2007). This holds true, in particular, for higrade metamorphic rocks, which record
a history of subduction and subsequent isothermbumation. For example, monazite
populations in Variscan high-pressure rocks from @&fohl unit in the Bohemian Massif
consist of at least three different age domains dlsaembled on the prograde path, at the
PT peak, and during decompression (Finger and K&80v). Monazite dating on such
rocks is confronted with the perils to produce ggalally meaningless mixing ages, as
well as to misinterpret an obtained "real" age wéference to its geological context. The
validity of macro-scale plate tectonic models tlf@me may directly hinge on the careful
mineralogical study and correct genetic interpretabf microstructures in monazite.

Likewise, zircon ages for HP-HT granulites from tWariscan belt are not easy to
interpret. There persists the fundamental questidrether zircon growth in these rocks
occurs close to the PT peak (Kréner et al. 2000jnamly on the decompression path
(Roberts and Finger 1997). These uncertainties hawatly contributed to the unpleasant
situation that in the Central European Variscardelt, the major subduction stages are
still not unequivocally dated. Progress in the ustdnding of Variscan plate tectonics is
thus intimately connected with our understandingtlod growth and recrystallisation
behaviour of the accessory zircons and monazites.
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General trends in HCNOS stable isotope geochemistry
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Stable isotope analysis of H, C, N, O and S iwaepful toll to trace the origin of
substances, cycling of elements, reconstructioncleémical and physical conditions,
dynamics and mass balance of minerals and rockifgrmprocesses, and many others.
Starting with late 40ties the role of stable is&ogeochemistry in scientific research
strongly increases. New applications and advanecegdhnology resulted in continuous
trends.

In this presentation the author will show somengpies from various laboratories in the
world and comment isotopic techniques applied witfierences to the most modern
developments. Following terms can describe trendsadtopic techniques developments
(listed but not organized due to any criteria): $anssample (micromoles to nhanomoles);
increased accuracy and precision, automatism: &dlye@utomatic preparation lines,
automatic introduction of the gas analysed, autmnatalysis, multicollector analysis (to
analyse several isotopes simultaneously); incrgasimber of samples analysed, computer
controlled preparation and analysis, stable isot@palysis of other elements e.g. metals
Cu, Fe, selective analysis of specific organic coamals, in situ analysis — laser ablation,
ion microprobe, non MS stable isotopic analysis BIYIR, EPR, laser, negative ion MS
analysis (e.g. Cl stable isotopes), on line prearavith GC, elemental analyser, etc., less
home-made, practical monopoly of one company, asirgy price of MS, increasing
number of labs., new applications far from geosmsn decreasing use of vacuum devices
and materials including liquid nitrogen, increasirg of ultra-pure gases (e.g. He, 80,
CGO,, SO, Ny, and mixtures).
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The fate of arsenic and antimony at polluted sites: an X-ray

absorption view

Juraj MAJZLAN', Sonia ACKERMANN', Bronislava LALINSKA?, Martin CHOVAN?, Jérg
GOTTLICHER®,RALPH STEININGER®

Institute of Mineralogy and Geochemistry, Albegsse 23b, Albert-Ludwig University, 79104 Freiburg
Germany (email: Juraj.Majzlan@minpet.uni-freibutg)

2 Department of Mineralogy and Petrology, Comenimsversity, 842 15 Bratislava, Slovakia

3 Institute for Synchrotron Radiation, Hermann-voaldholtz-Platz 1, Forschungszentrum Karlsruhe GmbH,
76344 Eggenstein-Leopoldshafen, Germany

Arsenic and antimony are both toxic and undesimredhie environment. We have
investigated sites polluted by As and Sb (abandareddeposits: As and Sb, shooting
ranges: Sb) and found distinct patterns in the atign of As and Sb. At the sites
investigated, both As and Sb were efficiently soaezl by iron oxide minerals ferrihydrite,
goethite, and lepidocrocite. These findings arepeuged by wet chemical, electron
microprobe, X-ray diffraction, and Raman spectrpgcanalyses.

Studies of Sh(V) adsorption on synthetic iron esidvere completely absent until now.
We have investigated the geometry of surface coxeglef Sb(V) on synthetic iron oxide
minerals by extended X-ray absorption fine-strust(EXAFS) spectroscopy at the
Sb K edge (30.5 keV). At lower surface loading, we doulistinguish a bidentate-
mononuclear complex with a Sh-Fe distance of 3.4ndl a bidentate-binuclear complex
with a Sb-Fe distance of 3.6 A. As the surface ilmgajrows, surface precipitation was
detected from the observation of Sb-Sb neighbotBdrEXAFS spectra.

Identical Sb bonding environment was found at slhooting ranges (Losone, Lucerne,
Switzerland) polluted by Pb and Sb. Here, the steahtles of the bullets weather to
produce iron oxides which adsorb Sb. Organic mattey play a role in the retention of Sb,
however, the bonding of Sb to organic material difficult to prove because of the small
scattering power of C/N/O.

Using EXAFS spectroscopy on the Ksedge (11.8 keV), we have determined the local
environment of As in As-rich hydrous ferric oxideith up to 28 wt% AgOs) from the
abandoned Sb mine in Pezinok, Slovakia. The arséaas attach to the iron octahedra in
a bidentate-binuclear (3.3 A) and monodentate A3 Bishion. At very high As loading, we
have also detected As-As pairs at a distance 0h4.0

EXAFS spectra at the As edge with a resolution of ~20m on individual Fe,As-rich
particles from Pezinok show spectra similar to thék ones, probably reflecting the
presence of the same surface complexes. Curremtyare working on EXAFS data from
Sh-rich grains (up to 65 wt% gb), where arsenic may be bound to antimony instéad o
iron. The goal of the study is to investigate tlonpetitiveness of the two metalloids in
phases depleted in iron and the results will begired later.
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Replenishment of felsic magma chambers by continuou s inputs of
mafic magmas: field evidence and fluid-mechanics ex periments

Diego PERUGINI*, Giampiero POLI*

Department of Earth Sciences, University of Paufiazza Universita, 06100 Perugia, Italy

Widespread evidence indicates that magma chambamrsetime during their life span,
are replenished by influxes of a more mafic magme several processes subsequently
acted to disperse the mafic magma in the felsic teaing to different efficiencies of
magma interaction. However, although the dynami€smagma interaction after the
intrusion of the mafic magma are well understobd, mechanics of the initial stages of the
interaction process, i.e. when the mafic magmarserntee felsic magma chamber, remain
essentially unknown and little studied. One possitdason for the paucity of works on
these crucial stages of magma interaction is tiet &re rarely preserved in nature.

In this contribution we study different outcropse|[ Vegetatio Island, Terra Nova
Intrusive Complex (Antarctica); Pleasant Bay lageirgrusion, Maine (USA); Azetc Wash
pluton, Nevada (USA)], in which the initial stagafsinvasion of mafic magmas into felsic
magma chambers remained fossilized and extremdlypveserved.

A wide range of contact morphologies, from roundednterdigitate, between mafic
and felsic magmas can be recognised in all threze cdudies. Morphology of the
mafic/felsic interfaces is analysed by applyingdtahGeometry techniques with the aim to
understand the origin of the varied morphologiesrt®asuring the fractal dimensioDy,)
of the interfaces. Fractal dimension is a parantéigtr allows us to quantify the degree of
irregularity of the interface between magmas andjetail, the higher is the value Bf,,
the higher is the irregularity of the interface.sBiés show that mafic-felsic contacts in all
three outcrops are characterised by extremely barigalues ofD,,, indicating, hence,
a large variability in the irregularity of maficifgc contacts.

Morphologies of interfaces observed on naturatmmds are identical to those
observed during “viscous fingering” processes imdudy the displacement of a more
viscous fluid by a less viscous fluid. In the vigsdfingering phenomenon, the viscosity
ratio Vr=r1/ 17, defined as the ratio of the viscosity of dispthdleid (/7,) to that of driving
fluid (77,), influences the overall shape of fluid interfadhat range from regular when
Vg1 to extremely irregular fovg>>1.

Fluid mechanics experiments of viscous fingerirayeh been performed by injecting
water/glycerine solutions into pure glycerine affedent Vg using the Hale-Shaw cell.
Morphologies produced by the experiments are idehtio those observed on natural
outcrops supporting that the occurrence of visdingering processes between felsic and
mafic magmas is a suitable hypothesis for explgiriine varied mafic-felsic interface
morphologies. As for natural structures the fradtadension Dy, Of simulated structures
has been measured and a very good exponentialieaipélationship betweevlz andDyoy
derived. This empirical relationship is then usedestimateVy of natural structures by
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knowing Do, Results indicate that for all three case studiegma interaction occurred
between magmas with a wide rangé/gf

These results allow us to reconstruct the genevalution of magma interaction
processes as characterised by continuous infltheesame mafic magma within a felsic
magma chamber. At the beginning of the interagtimtess the viscosity contrast between
magmas were large and this induced the developwieweéry irregular morphologies of
mafic-felsic interfaces. With the passing of timbetresident felsic magma was
progressively warmed up by the continuous influxraffic magma and viscosity contrasts
between magmas decreased favouring the developofeptogressively more regular
morphologies.

33



34



Contributions

35



«Oenre,
MINERALOGIA - SPECIAL PAPERS, 32, 2008 59 75N
www.Mineralogia.pl 9] %
; <
MINERALOGICAL SOCIETY OF POLAND ;//l/ ,@
5 '“"o\o
POLSKIE TOWARZYSTWO MINERALOGICZNE ALO

Heavy metal contamination at the  Lubietova historic mining area
(Slovakia)

Peter ANDRASY?, Stanislav JELEN®, lvan KRIZANI*

! Geological Institute, Slovak Academy of Scien@@4,01 Banska Bystrica, jelen@savbb.sk
2 Department of the Environmental Management, MB&tjUniversity, Tajovského 40, Banska Bystrica,
andras@savbb.sk

Hydrothermal Cu (z Fe, Co, Ag, Ni) mineralizationthe surrounding oFubietova is
situated inCubietova crystalline complex of Permian age. Thenglex consists of
greywackes and arkose schists and conglomerateoh## contact with Lower Permian
granitoid rocks. The ore mineralization is formeg bhalcopyrite, Ag-tetrahedrite,
hematite, arsenopyrite and pyrite. The main gangirerals are quartz and carbonates
(dolomite, siderite and ankerite).

The technogenous sediments, drainage water asawele plants at the dump-field
Podlipa at thé&ubietova Cu-deposit are contaminated by heavy smdbalring ca 200 years
a limited group of plants (which is able to existdar such a fytotoxic conditions) was
selected. The distribution of the heavy metalsidiments is very uneducable.

The surface water in the creek draining the vadéyng the dump-field is gradually
contaminated by heavy metals leached from the tegdnmmous sediments of the mining
dumps. The drainage water contains high Cu (u@&d2pm), Fe (up to 584 ppm), Zn (up
to 35 ppm) and sometimes also Co (up to 10 ppm)Rindup to 5 ppm) concentrations.
The highest As concentration is 0.6 ppm. The Agemris not high (reaching 0.061 ppm),
both in the surface (and drainage) as well as éngttoundwater. The speciation of the As
shows only the presence of the less toxit' ABhe more toxic inorganic Asis not present.
The evidence for slow cementation process weredoun

The presence ohcidithiobacteriaor of sulphate reducing bacteria was not confirmed
The acidity both of the surface and groundwaterlase to neutral pH (6.4 — 7.6) so the
formation of acid mine drainage water is not prdbab

At the old mine waste dumps there can be obseaveatural installation of some plant
species Rinus sylvestris, Betula pendula, Quercus petradix &agilis, Mentha longifolia,
Acetosella vulgaris, Juncus articulajusTheir development is specific to the local
conditions: the low content of the essential natseand the high level of heavy metal
content. The heavy metal content and the landsfegiares of the dump material are not
favourable to the development of the vegetatiore dividual parts of the plant tissues
(roots, twigs/stems, leafs/needles or flowers/udre differently contaminated by heavy
metals and also the tissues are differently damagenhparison of individual types of plant
tissues shows that the highest concentrationsnareats, than in leafs and stems and the
lowest concentrations are in flowers, seeds aritsfrihe plant tissues from the dump-field
are heavily damaged and the growth of the curreaf ghoots is extraordinary tight. The
anomalous coarsening of the cell-walls, callusek @esence of resin-channels, as well as
occurrence of hyfs in vessels indicate the plariemte reactions under the influence of
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stress factors at the dump sites (absence of sdilater, the heavy metal contamination,
mobility of the cohesion less slope material).
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Gadolinite-group minerals: crystal chemistry, site occupancy and
substitutions

Peter BACIK?, Jaroslav PRSEK?, Pavel UHER?, Jarostaw MAJKA®
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We studied crystal chemistry of the REE- and Berbgaminerals — gadolinite,
hingganite and minasgeraisite. The general fornoaald be written as\,XBe,Si,(O,
OH),0, where Be and Si represent central cations of fewiahedral sites. [9]-coordinated
W-sites are occupied mainly by Y and REE, and bynQainority. X-site is octahedral and
dominated by Fe (in gadolinite) but it could be ami; balanced by ZHin hingganite).
Gadolinite-group minerals are typical for granitesd granitic pegmatites, but also for
REE-rich metamorphic environments.

More than 180 published and unpublished electrocraanalyses of gadolinite group
minerals were calculated on the basis of Z 43"+ A" + Si** + AI*") cations. Analyses
of minasgeraisite were recalculated and classidigdCa- and Bi-rich hingganite-(Y). We
obtained the continuous trend between the end-mesngdpedolinite and hingganite with
a slight Ca enrichment in hingganite. It could besed by an input of the datolite molecule
(CaOBSi,O4(0OH),), which isX-vacant as well as hingganite. There could be @bskthe
trend between hingganite and datolite, but onlyhi hingganite field (less than Ca = 1
apfu). However, this presumption can not be proven bsedhe data on boron content are
missing.

Two tested multi-site substitutions could have gommfluence on the site occupancy
of theW- andX-site. An effect of the first one, homilite substibn - CaFe(Y, REE)O.; —
can be proven from electron microanalyses. Vetifica of the datolite substitution
(CadB(Y, REE) Fe;Be,) is limited by the undetermined B and Be conte@ther cations
(e.g. Mg, Bi) have minor or local influence.

The enrichment of HREE (mainly those with ionidirasmaller than yttrium) in
hingganite is remarkable. Lattice parameters ofydp@mite are decreased in comparison
with gadolinite due to the presence of the vacancthe octahedraK-site. A structural
contraction could be the reason for selective imfUREE cations with smaller ionic radii
into theX-site.

Acknowledgement: This work was supported by thev&k Research and Development
Agency under the contract No. APVV-0557-06.
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Monazite as a tracer of metamorphic events in migma titic granulites
of South-Western Lithuania

Bogustaw BAGINSKI', Grazina SKRIDLAITE?

Institute of Geochemistry, Mineralogy and Petrglpgaculty of Geology, University of Warsaw, e-malil
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Monazites are important accessory phases in swstat migmatitic granulites from
drillcores in south-western Lithuania (Lauksardlailauksargiai-5 and BlitidZiai-150
boreholes). They retain information not only on #ge of the main thermal events in the
host rocks but indicate the reactions and procegssisrelease the components to build
up/dissolve the new fractions of monazites (Willsaet al. 2007).

Monazites from the Lauksargiai drillcores disptgveral zones that differ in chemical
composition and age. Several thermal events catidhaguished in a population of a few
dozen monazite grains. In many crystals the higfufyto 2.3 wt.%) cores record a 1.83-
1.85 Ga event (some points are dated at more 1faGa that can be interpreted as an
inherited age from the detrital stage). The yourlg@®-1.81 Ga event is characterised by
low Y (below 0.15% wt.) which could indicate a petiof simultaneous monazite and
garnet growth. It documents the highest stage dhmerphism recorded by the biotite-
garnet-plagioclase geothermobarometer at c. 800f€ % kbar. A population of low
Y monazite (below 0.1 wt.%) records an age of IL64Ga which could indicate another
thermal event. The age is attributed to a secagksdf metamorphism at ¢. 700°C and 5-6
kbar. It is even possible to split this event wsthme uncertainty into two separate events
(younger at 1.59-1.62 Ga and older at 1.71-1.72d8adrding to the data from monazites
analysed in the Blitidziai 150 drill core, where @21 Ga event can be interpreted as
a partial breakdown of garnet and crystallisatibeardierite due to the lower temperature
and pressure of c. 780°C and 5-6 kbar. Such ampimation could be supported by
moderate high Y content (1.3-1.4 wt.%). The youngeent is rather an indicator of
additional melt creation, as indicated by lowersgrges of 3 kbar.

References:

WILLIAMS, M.L., JERCINOVIC, M.J., HETHERINGTON, C.J 2007: Microprobe
monazite geochronology: understanding geologic ggses by integrating composition
and chronology. Annual Review of Earth and Plane&uiences 35, 137-175.
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Olivine with perfect cleavage from Yoko-Dovyren Mas  sif, Russia
Radu. BAILAU*, Nikolai N. PERTSEV?, Evgeny V. KISLOV?, Evgeny V. GALUSKIN®

Faculty of Earth Sciences, Department of Geocheynidineralogy and Petrography, University of Sik
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3Institute of Geology, SO RAN, Sakhyanova Str. 84&70lan-Ude, Russia

The olivine with perfect cleavage is very rare. date, it has been described in just
a few places worldwide (Siskiyou County-CalifornidSA; Dabie Shan, China; Chalk
Hills, Salem, Tamil Nadu, India; Oeyama, Japany. fhe first time, the olivine showing
perfect cleavage parallel to planes (010) and (i®Qjescribed herein. It occurs in the
skarns formed in carbonate xenoliths and in themadig rocks in dunite-troctolite zones
(Proterozoic Yoko-Dovyren Massif, Northern Baikaled®on, Russia). Mg-skarns
bodies are formed from the silica-poor dolomitic naliths by interaction with
mafic magma from Yoko-Dovyren intrusion. The mireassociation for the olivine zones
of the skarn includes forsterite (MgFe) 18 0Lr0.0)SIO;, Zr bearing perovskite,
spinel (Mg 7dF€0 20 (Al 1 s €0 1776 0.01Ti0.01Cl0.0)y204, and subordinate monticellite
(Ca.9gV1g0.09(MJo.81F .19 (SiO). Monticellite forms xenomorphic grains (100 pmjda
oriented plate inclusions in olivine (>10 pum). BExtidns of monticellite are parallel to
(010) and (100) of olivine. The high temperaturefstallization is indicated by the high
Ca content in the olivine. The exolutions of moeliite were formed upon cooling and the
perfect cleavage is activated by subsequent heafimg proposed explanation doesn't rule
out an alternative model: formation of olivine dals at high temperatures after humite
group mineral, associated with preservation of @dhumite) defects in olivine.
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Si-deficient vesuvianite from jade-like rodingite f rom Eastern Sayan,
Russia
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A Si-deficient vesuvianite has been found as fockiing mineral in violet jade-like
rodingites from the lichir River overhead in thep®sKitoy ophiolitic massif, Eastern
Sayan. The rodingites are Ca-rich and Si-underatsdrmetasomatic rocks. They formed
during serpentinization of ultramafic rocks and aenetically associated with Ca-
metasomatism of varied types of silicates rockse Violet jade-like rodingites are fine
grained rocks with massif structure forming lentéezibodies up to few meters in size. They
are mainly composed of vesuvianite, with subordiratdrogarnet, clinochlore, zircon and
baddeleyite. The rock is separated from lisarditgentinites by a thin chlorite zone. Mn-
bearing minerals of pyrophanite-ilmenite series nfibuin the chlorite zone can be
interpreted as indicators of oceanic floor metasmma EMPA data indicate that
vesuvianite contains 16.9-17.638u: Cao(Al 11 MJ1Fe 3)513.1Si17.067.1(OH)106 The low
content of Si is connected with a hydrogarnet-tgpbstitution in vesuvianite structure,
where isolated tetrahedra (S)® is replaced by (kD.)* tetrahedral. A series of Si-
deficient vesuvianite can be expressed by the famXigY 13To.5(Si07)4(SiOy)10-
«(OH)4W 1o, where x is <3. Mineral association, structure anemical data of violet jade-
like rodingites from Eastern Sayan indicate thaytlare early generation of rodingites,
which were developed during oceanic floor metassmastage.
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Micromorphology of quartz grain surfaces from miner al-organic soils
and sediments from the Unislaw Basin (Poland)

Agata BARTKOWIAK?, Jacek DLUGOSZ', Tomasz BAJDA®
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Quartz grains are common in the sandy fractioseolimentary rocks and soils. Surface
parameters of this mineral preserve record of thdingentary environment, type of
transportation, deposition, and soil processest iBhahy the micromorphological analysis
of quartz grains by scanning electron microsco@Mypcan be useful in reconstruction of
their genesis, site of creation as well as posirsewntation and soil processes occurring
after the deposition. The 1-0.1mm quartz grain tfoac separated from two profiles of
alluvial soils derived from organic-mineral sedintwer{gyttia) of the lake-rich origin,
located on a biogenic plain of the Unislaw Basiarevsubject of SEM micromorphological
analysis. The analysis shown that despite differenn the sedimentation environment of
the sediments under study quartz grains from sdiratyion are very similar. It suggests
a common origin as well as lack of the impact &f plost-sedimentation processes. Despite
rounding the majority of grains shows decollmeffitssuring and splits on their surface,
probably developed during glacial period. V-shapetehes originated during later water
transport which washed-out clay and deposited guarnt the analyzed sediments.
A majority of the grains did not show symptoms dfemical weathering. The only
exception was sediment of the argillaceous-caleifergyttia from the profile 2. In the last
case amorphous silicate was detected on the sudhdke grains. However, this was
probably related to the earlier chemical weatheripgcause conditions occurring in the
sediments under study (a high concentration of Ga&@@ a high pH) could not support
weathering of this kind. No other symptoms that Idoimdicate the existence of such
weathering conditions over the post-sedimentatieriod and during the creation of the

analyzed soils were detected
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Morphological changes on the quartz crystals during leaching at

higher temperatures and pressures in aqueous fluids
Séarka BENEDOVA', Jaromir LEICHMANN"
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Morphological changes on the quartz crystal werglistl after an experiment in
a thermo reactor type Parr 4652. A volume of thacta is 500ml and this apparatus
simulates temperature up to 500°C and pressur® 34Q bars. This ability was used for
a study of the hydrothermal leaching of the quatthigher temperatures and pressures in
aqueous fluids.

Morphological changes in the structure of quartirevapparent as a result of an
experiment with the use of a thin plate cut fronystal of quartz with noticeable two zones
(cut was perpendicular to ¢ axis). This thin plai¢h an initial weight of 0,7555g was
exposed to following conditions: 65 ml of distilledater, temperature of 365°C and
pressure of 185 bars. The experiment was carriddrondays. These conditions led to loss
of 9.48 % from the initial weight (the final weighvas 0,6839¢). Microprobe analysis of the
quartz before the experiment showed that the drystes almost pure except for few
inclusions of chlorites.

An observation using thecanning electron microscoppowed different morphological
structures caused by the leaching in each sepemggtal zone within one crystal. In outer
zone the leaching lead into disordered fissuresopenings without the remarkable
crystallographic symmetry. They are visually simila karst grikes. Signs of the leaching
in the inner zone were more varied. It was possibleobserve either trigonal and
pseudohexagonal etch pits (approximately 25uf0@h diameter) or newly formed small
quartz crystals (approximately 10488 in size). The possible explanation of the fororati
of the quartz crystals is too slow cooling of tleaator after the experiment. This could
cause new crystallization of the outspread quaotn fthe liquid.
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Magmatic sulfur mineralization within transitional dunites of the

Bulgiza Ultrabasic Massif (Albania)
Arjan BEQIRAJ*
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The ultramafic massif of Bulgiza belongs to thetem belt of the Jurassic ophiolites in
Albania. Its geological section, from the bottonthe top, consists of three rock sequences:
(i) tectonic sequence (harzburgite and dunite);tfa@nsitional zone (massive dunite) and
(iif) magmatic sequence (wehrlite, pyroxenite aadblyyo). The Bulgiza massif is the most
noted due to its chromium-bearing potential. Thestmeconomically important chromite
ore bodies, which belong to the metallurgical typeh in Cr), are found in the upper part
of the tectonite sequence and in the transitiooaéz

In addition of abundant chromite mineralization cacences, a scarce sulfur
mineralization is hosted by massive dunites of tinensitional zone. The sulfur
mineralization consist only of pentlandite whicktors either as inclusions within chromite
or it fills the interstitial spaces between oliviaad chromite. The pentlandite, that shows
a relatively stable composition, consists of Fe 8829 %), Ni (x= 31,43 %) S (x= 33,60
%), whereas Zn and Mn are scarce. The Ni/Fe ratialways less than one. Secondary
magnetite, awaruite and native copper have repldwegentlandite in the periphery, along
fissures or as small spots on the grain surface.

A magmatic origin of this mineralization was calesied based on the value of the
ratios Cu/(Cu+Ni)=0,14-0,19, Ni/Co=19-71 and Pt{d)=0,21-0,58, stable composition
of petlandite, lack of arsenides and, finally, tgmit composition of sulfur 8S=-0,6 - +0,3
%). The pentlandite probably crystallized from teeme magmatic melt that gave
interstitial clinopyroxene and plagioclase. Suchoaclusion is favored by the following
findings:

The sulphides are found only within the impregnatkahites, whereas in the non-

impregnated dunites they are sparse or absent.

The accessory chromite in impregnated dunitegksin Al (Al,O; = 25%), whereas in

the non-impregnated dunites it is rich in Cr.

The spherical form of the included chromite in femdite was probably caused by

partial melting of its periphery by sulfur fluid.

The interstitial structure of pentlandite with respto olivine and chromite is similar to

that of impregnated clinopyroxene and plagioclase.
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Mineralism — an application of crystallographic-min eralogic-petrologic
imagery in art

Enkeleida BEQIRAJ (Goga)"

*Faculty of Geology and Mining, Tirana. Albania; éqiraj@yahoo.com

This paper presents an attemt to show the evidghae the Crystallographic-
Mineralogic-Petrographic imagery not only offersaentific information, but it preserves
in its inner a complex and interesting artisticueal On the other hand, the art technics
represent the best way of communication of thisrgdic information to people.

The old people say: “Don't hit the stone as itteur This publication aims to prove that
more than a metaphore, this is a reality.

The photography was always used as a techniqpeottuce albums of minerals with
beautiful crystals and special forms. But the warfdninerals and rocks represents much
more.

Through presentation of the microscopic and macneis images of minerals and
stones by menas of different figurative techniq@eistures in oil, graphic, sculpture,
instalations or poems), not only the outer viewaadtone can be presented, but the inner
side of it, its life, its soul as well.

An universal parallelism exists between the lifettee rock and minerals on one side
and human being life on the other side. The lawfifefare the same: it begins with an
embrion, it grows through struggle for existenced,aat the end, it dies by being
transformed. This life has its colours and shabas,pains and tears, sounds and music. In
my opinion, exept for a different status of the jeah nothing is different in these two
different lives. One more solid, the other moraiiij one organic, the other inorganic. It is
the virtue of the human being to know and undedsthis life. To do this, one must first
love it.

This parallelism was called “Mineralism” and ipresents a new effluent in art. In fact,
it is an application in art of Crystallography-Mmaéogy-Petrography sciences. It is twice
art: art in presentation and art in communication.
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Mineralogical study of zeolites from plagiogranitic rocks, Albania

Enkeleida BEQIRAJ (Goga)*, Fabrice MULLER?, Jean C. TOURAY?, Tonin DEDA?

Faculty of Geology and Mining, Tirana. Albania; é&giraj@yahoo.com
?|nstitut des Sciences de la Terre d’Orleans, Ruk d@rollerie Orleans, Cedex 2, France
SInstitute of Geosciences, Tirana, Albania

Plagiogranite - quartz diorite rocks representuppermost part of the plutonic section
of the eastern Albanian ophiolites. They are wideag along the north- eastern sectors of
the ophiolitic complex. Locally, intrusive contactdth gabbroic and volcanic rocks is
observed.

The zeolitization represents one of the most dgper secondary processes that have
affected the plagiogranitic rocks. The zeolite fiidled both the thin veins and small
cavities of the rock. It is scarcely found inside tsulfur mineralization. Seven zeolite-
bearing plagiogranites have been sampled. Analgéethe mineral phases have been
carried out using electron microprobe, SEM and XRMBhole-rock composition was
determined by XFR (major and trace elements). Tieental behaviour was tested by TG
and DTA.

The zeolite-bearing rocks are very soft becausethef intensive alteration they
underwent and their color is white—rose due tortmineralogical composition. Their
mineralogical composition includes mainly (55-60%)agioclase and quartz, followed by
zeolite (30-35%) and, subordinate amphibole aridrité (10%). The SiO2/AI203 ratios
in the plagiogranites range from 2.6 to 5.9. Thagjaclase composition ranges from
andesine to albite. The zeolite belong to Laumontieonhardit series. The crystals of
laumontite fill the cavities and veins in plagiogita. The secondary Ca-type zeolite
contrast the primary Na-type feldspar of the rotkermal effects associated with the loss
of water are observed at 99°C, 240.8°C, 400.62°C.

Both the geological setting of the zeolitic mideaion within the plagiogranites and
their mineralogical composition indicate their f@ton by hydrothermal processes. The
Ca-zeolitic mineralization was formed later duette alteration and substitution of the Na-
feldspar.
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Mineral and chemical composition of aeolian dust fr om a fall in march
2007 in the Tatra Mountains (Southern Poland)

Szymon BIALY?, Marek MICHALIK? Leon STUCHLIK®, Wanda WILCZYNSKA-MICHALIK*

“Murowaniec”, Hala Ggsienicowa, Zakopane, Poland

?Institute of Geological Sciences, Jagiellonian @msity, ul. Oleandry 2a, 30-063 Krakow, Poland ;
marek.michalik@uj.edu.pl

SWiadystaw Szafer, Institute of Botany, Polish Acaglef Sciences, Lubicz 46, 31-512 Krakow

“Institute of Geography, Pedagogical Academy of Kvakul. Podcharzych 2, 30-084 Krakow, Poland

Aeolian material deposited with snowfall during thight of 23/24 March 2007 was
collected on 25th March 2007 at the Halast®nicowa meadow (at 1510 m ASL) in the
Tatra Mountains (Southern Poland). Dust is compasanhly of quartz with a subordinate
amount of feldspars (plagioclases and K-feldsparicas, I/S minerals and traces of
kaolinite. Its grain size varies from belowuin to 25um but bigger grains are also present
(mica flakes up to >120m in diameter). Aggregates composed of mica andtzgaains
which also contain organic matter and iron oxides@mmon. The chemical composition
(SiO, >65 wt.%; AbO; ca. 17 wt.%; Fg; ca. 9 wt.%; KO ca. 3.5 wt.%) correlates well
with their mineral composition. A determination tife geographic localization of the
source area of the dust based on its mineral a@mahiclal composition is impossible.

Pollen of trees and shrubs (such as Alnus, PiBesula, Corylus, Carpinus, Acer,
Ulmus, Picea, Fagus, Salix) and herbs (Compositagperaceae, Chenopodiaceae,
Caryophyllaceae) were determined in the dust. Tdrposition of the pollen spectrum
corresponds with the local vegetation of the Cdnipat Mountains. Thus, it indicates
a local (200-300 km) source area of the aeoliarerizat

Several dust falls were noted in Southern Polan&IX and XX centuries. Several
mineralogical analyses of the dust are availabli@énature ¢f. Manecki et al. 1978). The
source area was usually localized in the area lestwlee Black Sea, the Sea of Azov and
the Caspian Sea. Dust material deposited in 20@ihwis derived from the local source
area in the Carpathians, is very similar in its enéth composition and grain size to the
material from other dustfalls noted in SouthernaRdl The lack of calcite in the local
material is the only significant difference.

References:

MANECKI A., MICHALIK M., OBIDOWICZ A., WILCZY NSKA-MICHALIK W.,
1978: Mineralogical and palynological characteimatof Aeolian dust from dustfalls
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A role of structural interaction between minerals i n mineralogenesis

(based on the example of graphite)
S.N. BONDARENKO!, A.V. GRINCHENKO?, B.C. MILLERS?, V.A. SEMKA!

! Institute of geochemistry mineralogy and ore faiora NAS of Ukraine
2 Geological department of Kiev national Taras Shewio university.

In Precambrian complexes of the Ukrainian Shidéle phenomena of steady natural
intergrowth of graphite with other minerals whichvie, at least, the same symmetry but
different chemical bonds are rather widely encowgtte The following pairs look most
contrasting: biotite @2/m) - graphite (6/mmm), muscovit€Z/m) - graphite (6/mmm),
molybdenite (6/mmm) - graphite (6/mmm), nephelir@mMmm) - graphite (6/mmm),
pyrrhotite (6/mmm) - graphite (6/mmm).

Especially, close associations between micas aaghge are frequently empirically
established at mineralogical and at even largetesdalose similarity between these
minerals has led to the use of the term «Graphitgler» in general geological practice.
The largest deposits of graphite in the Ukrainidielsl are located within mica gneisses
and shists where graphite generally occurs as adaimtergrowths with micas (biotite,
muscovite, sericite).

Detailed X-ray investigation of lamellar monocwjstof graphite has showrthat they
are usually represented by twins. These twins gdlgenave intergrowth plane of (0001)
and are characterized by rotation of individualstals by 30° around (0001). More
complex intergrows are also found. Some crystatswsiveak texturing with azimuthal
angle of dispersion ohg 5...12°. Biotite which is found in intergrowths witiraphite is
related to IM d. Intergrowths are formed along (0Plane. Thus, the biotite and graphite
are found in natural orientation, when (001) plahéiotite is parallel to (0001) of graphite
and b = [010] of biotites is parallel to a = [101@]graphites.

It is widely known that structural relationshiptiveen associated minerals can be
determined by epitaxy or other phenomenons thatlasely related. The important factor
that determines possibility of epitaxy is the chamd free energy of boundary between
intergrowing phases. If stability of epitaxial ingjeowth depends on degree of adhesion of
growing layers to mineral-substrate, the necessanglition of its growth is positive value
of critical oversaturation. The importance of epjtafor ore formation processes is
manifested by the fact that intergrowth of strualiyr similar (symmetricaly similar)
minerals can occur at much smaller deviations feaaillibrium which are necessary for
the start of crystallization. Thus, oriented criligation of a mineral on another structurally
similar mineral occurs at slightly different cordits of thermodynamic equillibrium.

A new mineral which is far from oversaturation wiespect to the solution infiltrating
steadily around the mineral grain playing a roleaokubstrate, can precipitate on this
substrate. It is that intergrowths in which the éstvenergy interface of crystals is realized.
The effect of mineral - substrate on crystallizataf other phase might be one of the key
factors in understanding the observed structutatattion between minerals.
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Origin of a syenitic dike by a flowage differentiat ion (Modra Massif,
Western Carpathians): evidences from the rock-formi ng and
accessory mineral assemblage

Igor BROSKA®, Leonard ZAHRADNIK?, Igor PETRIK*

! Geological Institute of the Slovak Academy of SeisnDUbravska cesta 9, P.O. Box 106, 840 05 Bamtis
Slovakia; igor.broska@savba.sk

Dikes occurring in the area of the Dolinkovsky hvrHlill (Malé Karpaty Mts.) are,
according to the geochemical data, the derivateseoMiddle Carboniferous Modra I-type
granitoid massif. They intrude both metapelitic axatbonatic wall rocks. Dikes in the
metapelites and metabasites (x meters in widthjhi&n centres show syenogranitic to
syenitic composition. The syenite dike is a coansaned rock, with an average grain size
around 5 mm. Euhedral K-feldspar forms 73.7 volsd is partly altered by postmagmatic
fluids (kaolinized). Boundaries between the K-felaisgrains are straight, without diffusion
features. Strongly accumulated K-feldspars formumwate structure and give the rock
a syenitic character. Earlier authors considerechtto be the products of K-metasomatism,
but now a process of K-feldspars compaction due fiowage differentiation is proposed.
The Ba contents in the K-feldspars show a bell stdigtribution indicating the magmatic
origin and pointing to the fractionation of K-fefulr from the melt. Syenitic rocks contain
even higher Ba, mainly due to an accumulation deldspar as a carrier of Ba (2900 —
3200 ppm).

The crystallizing K-feldspar generates a chemibalndary layer (BCON 1989),
enriched in Ca, P and Si (relevant parameter inafhetite saturation processakRISON
& WATSON 1984, RCHAVANT et al. 1992), which upon cooling stabilizes apatipatite,
abundant in syenitic rocks and enclosed mainlyniterstitial quartz, is interpreted as
a crystallizing phase in a Ca, Si and P-rich bountyer, adjacent to K-feldspars. Needles
of apatite are typically intergrown with the outesnes of K-feldspars and enclosed in
a matrix of quartz + albite. It is proposed thatieas degrees of the subsequent K-feldspar
compaction and quartz + albite melt expulsion a&sponsible for the correlation ofL,®
with P, and increased the P concentration up taM.%. In this way, almost all Ca in high
P samples (syenite) is bound in apatite. The fraation of amphibole present in some
dikes may have increased the A/CNK ratio to theueslexceeding 1.05, sufficient for
a delay in apatite crystallization and enablingrawgh of P in the system. During the
following compaction, quartz — albite melt was dig® leaving a cumulate to various
degrees enriched in K-feldspar and apatite. Thesddutting the limestones show a wide
contact aureola of calc-silicate hornfelses, sutjggan extensive fluid interaction between
the magma and the wall rock. The maximum pressstmated from Al-in-hornblende
thermobarometer, is less than 150 MPa.

Acknowledgement: The work was financed by the VE@#ject No. 7076.
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Bi sulphosalts from the antimony mineralization (We stern
Carpathians)

Martin CHOVAN?, Jaroslav PRSEK!, Tomas KLIMKO®
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Bi sulphosalts form a part of the tetrahedritegystaf the antimony mineralization in the
Western Carpathians crystalline basement. Thisestas identified at several localities in
the Gemeric and in the Tatric tectonic Units. Ie fhatric Unit (Kl&ianka, Dubrava and
Mlynna dolina — Hviezda localities) the tetrahegristage is younger than the main
antimony stage, whereas in the Gemeric Unit (Betbaality) it is older. The main ore
mineral in all localities is tetrahedrite, accomigginby Fe-dolomite, quartz, sphalerite,
chalcopyrite, bournonite and Bi-bearing sulphosatisthe Gemeric Unit, and by Fe-
dolomite, quartz, barite, gold, pyrite, bournordted Bi-bearing sulphosalts in the Tatric
Unit.

The following Bi-bearing sulphosalts were identifieninerals of the kobellite-tintinaite
series (KTS), members of the bismuthinite-aikingeries (BDS), minerals of the
chalcostibite-emplectite series, Bi-bearing zinkenBi-bearing jamesonite and Bi- bearing
bournonite. The most common sulphosalts are memiietbe KTS. They form blebs,
inclusions or needles in tetrahedrite. MembersDSRare less common and were identified
in the Ddbrava, Kldanka and Hviezda. Other sulphosalts are rare.eBribg zinkenite
was identified at Dubrava and Betliar, Bi-bearinguimonite at Dubrava, Bi-bearing
jamesonite at Hviezda and members of the chaldtestimplecite series at Kimnka and
Dubrava. The content of Bi in the minerals of thEXKis variable. It varies from the 12.5-
19.5 wt. % at Dubrava, through 20.4-22.6 wt. % ateAda, up to 24.8-27.8 wt. % at
Betliar. The ratio Sbh/(Sb+Bi) changes from 0.6680at Dubrava, through 0.60-0.65 at
Hviezda, up to 0.51-0.56 at Betliar. All studiedmgdes fall into the tintinaite field,
especially the Dubrava ones. The BDS are repregenéénly by Sb-rich bismuthinite, Sb-
rich krupkaite is rarer. The content of Sb in bisinmite varies from 3.9-8.34 wt. % at
Klacianka, through 9-26 wt. % at Hviezda, up to 26.842%t. % at Dubrava. The,r-
degree of aikinite substitution is very similartatiezda (1.5 - 4.8) and Dubrava (1.6 - 2.5)
but different and more variable at Kianka (4.7 - 12). Sbh-rich krupkaite with flom 51
up to 53.24 contains from 26.5 up to 27.5 wt. Y%aotfimony, which gives the Sh/(Sb+Bi)
ratio close to 0.7. The content of Bi in the antimaulphosalts is as follows: bournonite up
to 1 wt. %; zinkenite from Betliar - 0.6 to 8.1 Wk, and from Dubrava - 8.2 to 8.7 wt. %;
jamesonite from 25.3 up to 27.5 wt. %; chalcoiliiom Dubrava - up to 10.5 wt. % and
from Klagianka - 8.6 to 33.42 wt. %. We suppose that Bi-salphosalts were formed by
metasomatic processes, where Bi-rich fluids ovated the previous Sb sulphosalts.
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Columbite-(FE)-tantalite-(FE) and tapiolite-(FE) in  the leucogranites
from the Povazsky Inovec Mts., Western Carpathians, Slovakia:
chemical composition and evolution

Peter CHUDIK®, Pavel UHER®, Milan KOHUT?

Department of Mineral Deposits, Comenius Univgrditlynska dolina, 842 15 Bratislava, Slovakia;
chudik@fns.uniba.sk
2 Dionyz Stur State Geological Institute, Mlynskdi® 1, 817 04 Bratislava, Slovakia

Accessory Nb-Ta oxide minerals were identifiedthie pegmatitic leucogranites near
Duchonka, PovaZsky Inovec Mts., Western Carpathi@lwvakia. The studied leucogranite
is a medium to coarse-grained rock, which consistpiartz, K-feldspar, plagioclase (4n
2g), muscovite, sillimanite, almandine-spessartiageely Hf-rich zircon (6-22 wt.% Hfg),
apatite-(CaF) and Nb-Ta minerals. The rocks cagdmechemically characterized as highly
fractionated leucogranites with S-type charactegstThey are comagmatic with other
Lower Carboniferous granitic rocks of the Bojna BlasColumbite-tantalite occurs as
prismatic crystals, 30-35Qum in size, in association with quartz, alkali-fedds and
muscovite. The mineral shows oscillatory zoninghwagéntral parts enriched in Nb and rims
enriched in Ta. Locally, there is a reverse trehdaming (decrease of Ta towards border
parts), or irregular convoluted zoning of bordemtpaas a result of the subsolidus
replacement processes. The composition of colunibg-tantalite-(Fe) shows a relatively
constant Mn/(Mn+Fe)=0.20-0.27 (locally 0.35-0.4@nd an extreme range of Nb-Ta
fractionation: Ta/(Ta+Nb)=0.18-0.72. Group of asaly with Ta/(Ta+Nb)=0.63-0.72 are in
the field of the miscibility gap between tantalged tapiolite. Contents of Ti, W, Sn, Mg
and other elements are low, locally slightly higi@@rand Pb contents occus(.6 wt.%
ZrO, and<1.2 wt.% PbO). Rare tapiolite-(Fe) forms discretestals, ca. 15-75m in size.
The tapiolite-(Fe) is homogeneous with Mn/(Mn+Fep330.04 and Ta/(Ta+Nb)=0.88-
0.97; Ti and Sn contents aré wt.%.

The Nb-Ta association in the Povazsky Inovec lgtmutes is unique within the
Western Carpathians. It extends into the tantédipgslite miscibility gap. The presence of
tantalite-(Fe), with unusually high Ta content, Icbundicate its metastability or a smaller
range of miscibility gap between tantalite and d¢éf# in the leucogranites in comparison
to the granitic pegmatites (cterny et al., 1992).

Acknowledgement: This work was supported by the/&k Research and Development
Agency under the contract No. APVV-0557-06.
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Ellestadite-(F) — a mineral formed in the overburne  d coal dump (Upper
Silesian Coal Basin)
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Ellestadite is a rare mineral found in nature iarsk or metamorphosed limestones. It is
also known from the burned coal dumps, where its&tion is possible in the presence of
carbonaceous and carbonate rocks as a resultaigyamorphism of sedimentary rocks.

Fluor-ellestadite is a member of the apatite-&dldite solid solution group of the
general formula Gg(SiO,)3x(SOy)3.x(POy)24(OH, F, Cl}, where x varies from 3 in apatite
to 0 in ellestadite. The presence of the;@@up is also possible. Each kind of ellestadite
prefers different environment of its formation. ésftadite containing fluor is frequently
found within the overburned coal waste dumps, chl@stadite can form mainly in
supergene cave deposits whereas hydroxy-ellesiaditdc skarns.

A 6 mm in diameter nest of blue mineral was foimdhe remainder of the quenched
dump of closed in December 1995 Saturn Coal Min€zelad, near Katowice (Upper
Silesian Coal Basin). This mineral was found in plaet of the dump which was affected by
the fire and is strongly overburned. Using scannimigroscope, 10-6um ellestadite
crystals of different chemical composition werecdigered together with calcite. Analytical
points (EDS) revealed divergence in (9i0(SQ) and (PQ) content within different
crystals of ellestadite. BSE images and microprabalyses show rather homogeneous
chemical composition within analyzed grains. On Hasis of microprobe analyses the
following formula was calculated: (G&Mng 02)10(SiO4)2.7(SO)2.14POs)o.04F1.44Clo.04)2-

As the formula is not completed, the lack of 0.48.fau. was explained as a possibility of
existence of (Cg) or (OH) groups. Raman spectroscopy confirmedpitesence of both
CGO; and OH groups.
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Petrology and geochemistry of the neogene rhyolites from the Central
Slovakia Volcanic Field, Western Carpathians
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The Central Slovakia volcanic field (CSVF) is a guot of Neogene volcanic activity
linked to the collision of the Western Carpathiavith the stabilized European platform.
The volcanic activity started in the Middle Miocewéh the production of andesites. The
rhyolite volcanism operated during the Upper Sammatwith the production of
pyroclastics, extrusive domes and lava flows. Afiee rhyolitic volcanism ceased, an
activity proceeded with the eruption of subalkalibasalts and later alkaline basalts.
Rhyolites have mainly porphyric textures, but aphtypes and obsidians are also present.
Phenocrysts consist of alkali feldspars, plagiagldsotite, quartz with scarce Fe-Ti oxide
or amphibole and hyperstene. Accessory phasesdiedircone, allanite and rare apatite.
The important petrographical feature is a sepgagsence of plagioclase, plagioclase with
sanidine, or sanidine in phenocryst assemblagegli®s are generally peraluminous with
ASI > 1 and subalkaline based on TAS criteri;aORNaO ratio corresponds with
shoshonitic and ultrapotassic character. As foeralpminous character, low TE and Ga/Al
—(Zr, Nb) rhyolites belong to the transition S-Apég. Petrology study, based on two
feldspar thermometry, i.e. PI-Amf thermometry andnfAbarometry, yields magma
temperatures between 700-800°C and presdu@kbar. Estimated # content in the
primary magmas was more than 4 wt.% and probaklydt exceed 5 wt.%. Some rhyolite
magmas degassed water during storage in the ugpty @f crustal magma chambers to
create stratified setting of immiscible magmas. ISwonditions affect syneruption
mingling, frequently documented by a field and &ggraphical studies. Geochemistry of
trace elements, especially a topological approaciNl-La-Zr-Ti-Y systems, identified
three distinct petrogenetic groups of rhyolitesclEaf them is straight controlled by an
individual magmatic process. Trace element chewnistrthe first group is controlled by
a simple melting process without any fractionalstajlization signature. Such conditions
could be explained by restricted crystal settliregduse of high magma viscosity and
variable mixing between evolved liquid and crystadth magma. Composition of the
second group results from a different style of mgltwith the apparent fractional
crystallization effect. The third group shows petfenixing between the group Il and the
differentiated melts observed as aplites of the rd&al granodiorite complex. Rhyolites of
CSVF are clearly distinct from the associated olledesites, younger andesites and alkali
basalts. Peraluminous S/A rhyolites with differdetdspar association and chemical
composition formed as the result of dehydratatiaitimg of diverse metasediments in the
conditions exceeding 800°C and 6 kbar (20 km). Tidting must have been triggered by
the heat influence of uderplating basaltic magriéss idea is supported by the space and
time association of S-A rhyolites with basalts dfatent genesis, ubiquitous worldwide.

54



«Oenre,
MINERALOGIA - SPECIAL PAPERS, 32, 2008 59 75N
www.Mineralogia.pl 9] %
; <
MINERALOGICAL SOCIETY OF POLAND ;//l/ ,@
5 '“"o\o
POLSKIE TOWARZYSTWO MINERALOGICZNE ALO

Post-magmatic hydrothermal vein mineralization in g ranitic rocks: T-X
evolution, fluid inclusion study

Petr DOBES*
'Czech Geological Survey, Klarov 3, 118 21 PrahadiRepublic, petr.dobes@geology.cz

This contribution briefly summarizes the invgation of fluid inclusions in hydrothermal
vein mineralization and fracture fillings of thrgeanitic massifs of the Czech Republic: the
Podlesi granite stock, which represents the masttifmated part of the late Variscan
Nejdek-Eibenstock pluton in the western part of KmaSné hory Mts; the Jizera Granite,
one of the dominant rock types of the Variscan Kd&e-Jizera composite massif; and the
Melechov granitic massif in the northern part ¢ tioldanubian Pluton. Several types of
mineralization were distinguished based on thalfinclusion parameters:

1) Biotite-rich and quartz-rich greisens — u@®°C

Two-phase vapour-rich aqueous inclusions weredoin the greisens of the Podlesi
granite stock, homogenization temperatures range fB70 to 420°C, salinity of the
aqueous solution is between 4.7 and 11 wt. % NaGive (Dobe$§, 2005). Two types of
coexisted fluid inclusions were observed in theisgnes of other localities of the Krusné
hory Mts. — polyphase NaCl-Cafl,O and vapour-rich MHD-CO, inclusions.
Greisenization formed at temperature of up to ¥D(uriSova 1984).

2) “Alpine type mineralization” — 270-37C

Almost monomineral mineralization, formed by gmaor quartz-adularia-chlorite-
muscovite-calcite assemblage, contain®HCO, inclusions with about 5 mole % of GO
Homogenization temperatures range between 270 &@d°@ and salinity is mostly
between 5 and 10 wt. % NaCl equiv. NaCI-KCI-CalRIgCl, are the main components of
the solution (Dobes 2001).

3) Epithermal vein mineralization — 120-3WD

The most common quartz + carbonate * fluorighltorite £ prehnite mineralization type
contains mostly aqueous fluid inclusions with hoenigation temperatures ranging from
120 to 300°C, variable salinity from 0.5 to 25 wt. % and vél&@ composition of the
solution: LiCl or NaCl £ KCI + CaGl+ MgCl,+ FeCl (Dobes et al., 2006).

4) Low-temperature calcite fracture fillings — 8061°C.

The late calcite mineralization was observed & dizera Granite along fractures with
the indications of the late tectonic movement. Td#cites revealed homogenization
temperatures from 80 to 12G and salinity not exceeding 4 wt. % NaCl equiv.
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3D characteristics of pore space using X-ray microt ~ omography

Marek DOHNALIK®, Jadwiga ZALEWSKA?

Instytut Nafty i Gazu, ul. Lubicz 25a, 31-503 Krak®oland, dohnalik@inig.pl
ZInstytut Nafty i Gazu, ul. Lubicz 25a, 31-503 Krak&oland, zalewska@inig.pl

X-ray computed microtomography is an experimetgahnique which can generate 3D
images of internal pore space of investigated rsakiple. It allows visualization and
accurate quantitative measurements of spatial gtoneture. Based on microtomography it
is possible to obtain information regarding ponpstg.: number of pore channels, their
length, connections, pore network structure anit thBuence on permeability.

Roentgen computed microtomography (micro-CT) ischnique with wide application
in many geological disciplines. Among important Bggtions are measurements of
porosity and fluid flow which are used in oil gegjo rock mechanics and pedology.

One of the most important advantages of this ntkikats non-destructive character.
This makes the technique useful for monitoring @fve processes like water displacement
and dissolved substances or water migration instands during desaturation experiments.
Micro-CT allows for the analysis of valuable andique specimens like fossils or
meteorites.

A large volume of literature presents micro-CTrpgtaphy abilities for magmatic and
metamorphic rocks and for paleontology. Some papgbmy micro-CT application in
structural geology for deformation experiments, woenting structure changes in
3 dimensions in time.

This year Oil and Gas Institute has purchasedatgen microtomograph funded by the
Ministry of Science and Higher Education. This mtomograph is one of the most modern
devices with innovative architecture which allowstaining a very high resolution images
and customize samples size and speed of scanning.

This presentation shows the theoretical princiglesoentgen microtomography, data
acquisition process, pore space and mineral fraageentation projection reconstructions
and images rendering. Laboratory research resiiltdevpresented as images of internal
microstructure of sandstones and limestones.
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Transformations during spontaneous combustion of co al waste pile

Kukla, Czech Republic
Pavla DOKOUPILOVA®, Ondra SRACEK?**, Zdenék LOSOS*

Department of Geological Sciences, Masaryk Unitigrkotla’ska 2, 611 37 Brno, Czech Republic
2 Ochrana podzemnich vodslBhorska 31, 169 00 Prague 6, Czech Republic

The coal waste pile of Kukla mine in Oslavany (GeeRepublic) was studied to
characterize secondary minerals and their stabditg to determine processes which
influence the element outflow from this pile undemperate climate conditions. The pile
burned from the late 19th century until the 1998l has acquired a zoned nature, with
original black material in the core of the piled material produced by burning close to the
pile slopes, and grey and white efflorescent gaksipitated on the top and slopes of the
pile. Three main stages of the formation of secondainerals were found: (1) The oldest
secondary mineralization, which was formed at hHiginperature stage during burning of
the waste, consists of hematite, spinels, and clomun At the same stage, native sulphur
sublimated from hot gases near or at the surfacthefpile. (2) Anhydrite, aragonite,
calcite, and gypsum represent the minerals reguftom weathering of primary waste rock
and also formed during cooling stage. (3) Hexahgdkonyaite and picromerite are the
youngest minerals in the pile, formed during latey-temperature stage, by evaporation
(Dokoupilova et al. 2006, 2007). The evolution loé formation of secondary minerals by
evaporation follows the Hardie-Eugster evaporatioodel (Hardie and Eugster, 1970, in
Drever, 1997).

Water leaching tests were used to evaluate thebility of secondary minerals and
release of elements. Evaporation of water was neddey a geochemical program based on
Pitzer's equations. A conceptual model of geochamjrocesses in the pile, which
includes processes such as burning, weatheringe\aaqbration has been suggested.

Acknowledgement: The project was supported bygthat MSM0021622412.
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Mineralogical and geochemical study of barite concr etions from the
Moravian part of the Carpathian Foredeep, Czech Rep  ublic —
preliminary results

Zdenék DOLNJCEK®, Karel MALY?

! Dept. of Geology, Palacky University, 8vobody 26, 771 46 Olomouc, Czech Republic, b-mai
dolnicek@prfnw.upol.cz
2 Muzeum Vysiiny Jihlava, Masarykovo nam. 55, 586 01 Jihlavae@®zRepublic, e-mail: maly-karel@post.cz

Barite concretions occur at ten sites in the dreaveen Brno and Znojmo. They are
hosted by Lower Badenian silty and sandy calcaredags (locally called “tegels”).
Locally, barite nodules are associated also withsgyn crystals and concretions. The barite
concretions are white, grey or yellowish and reaphto 15 cm in diameter and 2 kg in
weight. The shapes are spherical or flattened, Wwitlryoidal or smooth surface. The
internal structure is variable. Most concretions eompletely filled up having light, fine-
grained core and fibrous rim. The core is occadiprait by septarian cracks, completely
filled by blocky yellow barite. Other nodules exitibo growth zonation. Some concretions
are empty, formed only by a thin barite crust.

Mineralogical study reveals barite as the onlyhmgnic phase. Barite commonly
contains Sr (0.07 to 1.35 wt. % SrO) and elevateéd05%3 to 0.66 wt. % AD;) and Na
(0.09 to 0.17 wt. % N®; EPMA analyses). There is no systematic chengwgalution
throughout the zonal concretions. The intergrandiatrital phases include quartz, illite,
muscovite, chlorite, calcite, feldspars, pyritep(eeed by gypsum) and dolomite. The
concretions enclose also calcite fossil shells@nabod. Bulk chemical analyses indicate
that 4-20 wt. % of non-sulphatic phases are present

The*'S values vary between -11.2 and +27.4 %o CDT. &f@ values range between
+10.7 and +23.8 % SMOW. There are no systemattojso trends across the concretions.
In the 5**S-3°0 plot, the data form two parallel positively cdated arrays. These data
suggest (i) two-stage process of barite concretfon®ation in the Carpathian Foredeep,
and (ii) mixing of two distinct sulphate sourcesotopically heavy residual sulphate from
bacterial reduction of marine sulphate and iso@pjclight sulphate originating from
oxidation of hydrogen sulphide (or pyrite) producey the same process of bacterial
reduction of marine sulphate. The primary sourcebafium may be found in detritus
derived from the Brunovistulian basement (feldspapost-Variscan vein barite
mineralization).

Acknowledgement: The study was supported by gedR 205/07/P130.
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Metamorphic and post-metamorphic fluids at the poly metallic Zn-Pb
deposit Horni M ésto, Vrbno Group, Silesicum, Czech Republic

Zdenék DOLNICEK?, Bohuslav FOJT?

Dept. of Geology, Palacky University, vobody 26, 771 46 Olomouc, Czech Republic, b-mai
dolnicek@prfnw.upol.cz
Institute of Geological Sciences, Masaryk Uniwgr€11 37 Brno, Czech Republic, e-mail: fojt@senircz

The fluid inclusion and stable isotope study wasdumted at the Horni &to Zn-Pb
deposit, which is hosted by weakly metamorphosedvobian paleotrachytes,
paleorhyolites and sediments of the Vrbno Groupmi8es include (i) stratiform
polymetallic and barite mineralization, (ii) metarmpbogenic quartz-calcitezdolomitex
fluoritexsulphides segregation lenses parallel dbistosity of host rocks, and (iii) post-
metamorphic veinlets cutting the foliation.

Two main types of metamorphic fluids were idertifi 1) CQ-H,O-NaCl with low
salinity (5—=7 wt. % NaCl in aqueous solution), l@mentent of CQ@ (2—7 mol. %) and
homogenization temperatures ca. 200-300 °C, anda®)-MgClL-H,O with low salinity
(5-7 wt. % NaCl equiv.) and homogenization tempees 120—220 °C. The position of
isochores of both fluid types in PT-space agredh piedicted PT-estimate of Variscan
metamorphic overprint in this area (350—400 °C, Kb&rs). The calculated highly positive
fluid 5'°0 values around +10 % SMOW are compatible withrtietamorphogenic origin
of fluids.

The clearly different fluid inclusion and stabémtiope parameters showed samples from
post-metamorphic veinlets. Their characteristictess include low homogenization
temperatures (90-150 °C), high salinities (21-24 % salts) and Ca-Na-Cl fluid
composition. Most inclusions contain fluids rich MaCl, however, examples with
prevailing CaCl were also documented. A similarity of temperatutesved from sulphur
isotope thermometry and homogenization temperatofdkid inclusions suggest a low-
pressure formation conditions. The calculated fI&t80 values around 0 % SMOW
indicate that the surface waters (meteoric or re®)nwere predominating in the
hydrothermal system. Their microthermometric andblk&t isotope characteristics are
comparable to the post-Variscan brines that padteid during formation of many types of
barren and ore vein-type mineralizations alongwhele eastern margin of the Bohemian
massif, rather than to pure “metamorphogenic” 8uid
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Age of regional metamorphism in the Karkonosze-lzer  a Terrane,
Variscan Sudetes: a preliminary EMPA monazite study

Paulina DUDA', Angelika DUNIEC", Maciej MANECKI', David A. SCHNEIDER?, Daniel K. HOLM?,
Jarostaw MAJKA®, Patrik KONECNY®
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2Kent State University, Ohio, USA,

SUniversity of Ottawa, Canada;

“Slovak Academy of Sciences, Bratislava, Slovaktepu

®Dionyz Star Geological Survey, Bratislava, Slovalpibblic

The timing of high-pressure metamorphism in theidtan Sudetes (Sowie Goéry and
Orlica-Snieznik) is now well constrained with detailed monazted Ar/Ar geochronologic
results (Gordon et al. 2005; Schneider et al. 2006 age of regional low pressure
metamorphism preserved in the Karkonosze-lzeraneris constrained primarily by Ar/Ar
cooling age data on dominantly low-temperature middarheine et al. 2002). In this study
we employed the elemental electron microprobe aimlyEMPA) to obtain total-Pb
monazite ages in an effort to constrain the timiafy both regional (Variscan)
metamorphism as well as determine the thermal tsfigicpost-tectonic magmatism on the
main metamorphic signature.

Fifteen samples of mica-schist from two transeatse selected for the analyses. The
northern transect is parallel to, but 10 km awayrfy the Karkonosze granite contact. The
southern transect is perpendicular to the gramitéact, beginning directly in the hornfels
zone and extending to > 2 km south-east from thaitg. The rocks consist predominately
of medium grained, well-foliated, garnet-bearingcanschists with some garnets showing
a rotated (i.e. syn-tectonic) paragenesis. Monazitem small laths (~48n), mostly
homogeneous, in a few samples low in Th and U. Tdegur dominantly in the matrix
although some occur as inclusions in garnet.

Age calculations follow the protocol of Montel at. 1996, modified by Kormy
(2004). One hundred and twelve single spot analfyses five samples yielded a range of
total-Pb dates from 428 Ma to 247 Ma, with singi®tserrors of £ 30 Ma. The main
population of dates clusters at 327 + 6 Ma, whioh wterpret as the age of regional
(dominantly greenschist) metamorphism of the Kadeze country rock. The second
largest age population of 365 + 6 Ma is consisteitth the proposed age of high-pressure
metamorphism of the nearby blueschist facies ro8ksprisingly, the Karkonosze granite
had little effect on the monazite ages.
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Application of the sequential extraction procedure for speciation of

selected heavy metals in airborne particulate matte  r
Ewa DZIK", Maciej MANECKI, Tomasz BAJDA'

! Faculty of Geology, Geophysics and Environmentatdtion AGH-University of Science and Technology,
al.Mickiewicza 30, 30-059 Krakéw, Poland. ewa8@lgmail.com, gpmmanec@cyfronet.krakow.pl,
bajda@geol.agh.edu.pl

Environmentally important processes, such as t@msmd bioavailability, are species
dependent because different chemical species ofiegies have different physical and
chemical properties. Despite of inherent analytmmablems, selective extraction is one of
the methods currently being used in metal speciastudies of soils, sludges and
sediments. Still, the method is seldom used inrenmental studies of airborne particulate
matter.

On average, 60 gftyear of airborne particulate matter falls down downtown
Krakow. Although total concentration of metals inetdust is known from samples
collected on the filters by monitoring stationsryéttle is known about metal speciation.
The purpose of this research was to develop atssdesequential extraction method to
identify the species of Zn, Pb, Cd, Ni, Fe and Mrmuiban airborne solids. The underlying
hypothesis is that speciation correlates with badawbility of metals in question.

Four dust samples were collected from the roobud stops at different locations in
Krakow. The modified Tessier’s extraction procedwas used to chemically fractionate
metals into: 1) "exchangeable”, extracted with mesgjam chloride solution; 2) ,bound to
carbonates”, extracted with sodium acetate, adjusteoH 5.0 with acetic acid; 3) ,bound
to iron and manganese oxides”, extracted with hygleanine hydrochloride dissolved in
acetic acid; 4) ,bound to organic matter”, extractsith hydrogen peroxide @@,) at
pH=2; 5) ,residual”, extracted with hydrofluoric émitric acids.

About 90% of Mn, Zn, Cd and Pb are in the formcafbonates and/or bound to iron
and manganese oxides"{2and & fractions). This means that they exhibit high
environmentally mobile character which may alsoidate their anthropogenic source. Fe
and Ni were distributed more evenly between mohild immobile species (about 30% in
residual fraction). Based on the results obtaih&ehs concluded that the application of the
methodology in question provides chemical fractimra data that reflect the general
sources and potential environmental hazards ofrbials studied.
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Comparative study of the Maksyutov and the Atbashi eclogite-
glaucophane-schist complexes

Valentin V. FEDKIN', Gennady V. NOVIKOV, Alexei V. FEDKIN

YInstitute of Experimental Mineralogy RAS, Chernogkih, Moscow District, Russia

Comparison of the petrological, petrochemical agebchemical features of the
Maksyutov (Southern Ural) and the Atbashi (South&mn-Shan) eclogite-glaucophane-
schist complexes was carried out to obtain additi@vidence on the suggested protolith
composition and to determine their affiliation tdfetent geodynamic terrains within the
Ural-Mongolia Fold Belt. Some geochemical reguiasitwere identified based on the
chemical composition of eclogites and associatediagiphane-schist rocks. Major, trace,
and REE elements were also used as indicatorgtaranagmatic or metamorphic origin
of the eclogite bodies (lenses, layers, etc.) witlhe eclogite-glaucophane-schist
complexes.

Both, the Maksyutov outer and the Atbashi innemptexes were generally formed
during a single global event - the Hercynian Orggé8ased on the geochemical data, it is
assumed that the deeper occurring Maksyutov eelafitucophane-schist complex was
formed in the trough-like structure on the bordetween the Eastern-European Platform
(paleo-continent) and the Eastern Urals Slope @paéman). The least altered eclogite
samples of the Maksyutov terrain were formed pestegm the tholeiitic basalts (between
the E-MORB basalt and the Island Arc basalt). Tiygothesis of magmatic origin of the
Maksyutov eclogites seems to be more preferablettiea model of the descent of the Earth
crust terrain. This idea is supported by physicatbal modeling of its formation (MELTS
program) and by geochemical and mineralogical exads: by abnormally high titanium
content in the rocks of the complex, cerium positanomaly on the REE spectrums,
prevalence of the LREE in the Maksyutov rocks, bigtontent of the REE in these rocks
than in the Atbashi eclogites.

Plagioclase stability on the MELTS modeling diagraobtained for the Atbashi
eclogites (as opposed to KFsp for the Maksyutouqtith) and a prominent negative Eu-
anomaly in the REE spectra contradict the hyposhefsihe magmatic origin of the Atbashi
complex. So, it seems to be the Atbashi eclogitestrikely has metamorphic origin at
a relatively shallow depth (30-35 km).

The extensive studies of clinopyroxenes from bbthaksyutov and Atbashi eclogites by
X-ray powder diffraction and Mdossbauer spectroscamyealed several structural
modifications in the Cpx phase (Jd-Aeg-Di solidusioin), which have different elastic
properties (the unit cell volume and tfeéngle). More detailed information was obtained
on the local structure of these modifications. ©tedied omphacites have the perfect
structure, characterized by local cation orderingVil and M2 sites (apparently, sp. gr.
P2/n), which perhaps could be held true under dngngetamorphic conditions and used
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as indicator of them. These results may be used #&bs correct clinopyroxene
thermodynamic data applied to thermobarometry.

64



«Oenre,
MINERALOGIA - SPECIAL PAPERS, 32, 2008 R N

. . =
www.Mineralogia.pl Q %
<
MINERALOGICAL SOCIETY OF POLAND ;/’l/ .@
5 '“"o\o
POLSKIE TOWARZYSTWO MINERALOGICZNE ALO

Minerals of the rosasite-zincrosasite series from t he Andrassy-I. mine,
Rudabéanya, Hungary: The zincrosasite problem
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3 Department of Earth Sciences, University of Modafia Santa Eufemia 19, 1-41100 Modena, Italy.

Minerals of rosasite-zincrosasite series have lfieend in the fissures of limonite ore
of the Andrassy-l. mine (Rudabanya). They form taige blue to very pale blue, nearly
colourless or pale green globular aggregates @pbtonm in diameter, as well as botryoidal
encrustations associated with malachite, broctentierussite, aurichalcite and goethite
(Szakall et al., 2001). Rosasite and zincrosaséesacondary minerals. They are alteration
products of primary sulphides (e.g. chalcopyritnite, chalcocite, sphalerite).

Zincrosasite from Tsumeb, Namibia, was first diésat by Strunz (1959) as (Zn,
Cu)(CGO3)(OH), with atomic ratio Zn:Cu = 58.60:51.94 or greaférerefore, this is a zinc-
dominant analogue of rosasite (Cu, A6Y0;)(OH),. The original description of
zincrosasite is very brief (only six sentences) amel could not find any additional
mineralogical data about it in the literature (sege Anthony et al., 2003).

The structural formula of the minerals of the rmohlge-rosasite group is
MelMe2(CQ)(OH),, where Mel and Me2 are metal cations in octahedatdination.
According to the present nomenclature Mel = Cule@ = Cu in malachite, and Mel =
Cu and Me2 = Zn in both rosasite and zincrosakite Cu > Zn in rosasite and Cu < Zn in
zincrosasite. However, this distinction betweenttlie later species is incorrect according
to the IMA rules, and the redefinition of zincrosass necessary as AQO;)(OH),.

The results of chemical analyses of zincrosasitéddcnot be found in the literature
(Anthony et al., 2003). For the first time, theuks of microprobe analysis of zincrosasite
is presented herein (a specimen from the Andrassyrle, in weight per cent): ZnO 52.80,
FeO 0.42, CuO 16.01, SM.20, SkO; 0.01, CQ (calc.) 18.84, KO (calc.) 7.71, total
95.99, which corresponds to ECuU47F€.01)s=1.00 ZN1.0dCOs)(OH),. This specimen
appears to be suitable for the redefinition of misasite.
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Dissolution of vanadinite at pH=2.0-6.0 and 25 °C
Justyna FLIS', Maciej MANECKI', Tomasz BAJDA®
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Vanadinite PBHVO,)sCl, along with pyromorphite REPO)Cl and mimetite
Pbs(AsQ,)sCl, belong to the ternary system of lead apatiffse anionic isomorphic
substitutions of PEY, VO,*, AsO,> are ubiquitous among these minerals. The conginuit
of pyromorphite-mimetite-vanadinite solid solutiaeries has recently been confirmed.
Pyromorphite, mimetite and their solid solutionshibit relatively high thermodynamic
stability in the environment. However, thermodynarproperties of vanadinite and its
anionic solid solutions with other lead apatites poorly known. This limits understanding
of the mechanisms of anionic substitutions amoragl lapatites, which is necessary to
determine the effect of substitution on their fotima and transformations.

Dissolution of synthetic vanadinite at®25has been carried on in batch experiments for
5 months at pH equal to 2.0, 2.5, 3.0, 3.5, 4.0,&nd 6.0. Solutions were periodically
syringe sampled, and Pb(ll), V(V) and CI concemntrag were measured. The system was
considered to be in equilibrium when the resultsaisecutive analyses were equal within
two standard deviations of triplicate experimerithe solutions with the initial pH4.0
reached the equilibrium within two months. The PBb@oncentration totalled 6 +0.2
“mol/dn for initial pH=4.0, and below 4imol/dn? for pH=5.0 and 6.0. Solubility of
vanadinite increases with decreasing pH but fiealcentration of Pb(ll) didn't exceed 0.7
mmol/dn? in any of the experiments. At the conditions opesment, dissolution of
vanadinite appears to be incongruent: a decreag&b/i@l ratio over time was observed.
This indicates precipitation of a mineral phasefediént from PEHVO,)sCl during the
dissolution. A newly formed phase was investigatéth scanning electron microscopy
(SEM/EDS). Based on morphology and element comiposithe precipitated phase was
identified as chervetite (P¥,0;). The results allow supplementing the thermodymami
databases used for computer modeling of geochemmgattions. This provides the
foundation necessary for further investigation led thermodynamic stability as well the
mechanisms of formation and transformations of damite.

Acknowledgement: This research was partially fuhthy MNiISW grant No 2 P04D
01329.
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Ore minerals from the dolomitic veins in the serpen tinite rocks of the
Letovice Crystalline Complex (Czech Repubilic)
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Minerals found in dolomite veins cutting serpeatirocks around Letovice and its
surroundings composed remarkably heterogeneougtseh is different from any other
locality in the Bohemian Massif. The compositioncojpper minerals (bornite, chalcocite,
covellite, chalcopyrite), millerite, dolomite veinand magnetite is similar to the
composition of their host ultrabasic rocks. Leadl drismuth (galena, native Bi) are
considered in this environment as atypical. Par&emd wittichenite are transitional — they
consist of elements of both groups. Despite beimgpssible to determine detailed order of
crystallization, it was implied by microscopic siesl that sulphides Pb-Bi(Cu) are
relatively older than copper minerals. Fe-Cr spies that are rarely found in dolomite
veins on the outline of serpentine rock are poggiblicts of pre-metamorphic magmatic
stage. The formation of "ribbon-like” pure magteeth the immediate vicinity of sulphides
is probably related to redeposition processes déroktages in process of hydrothermal
alteration. Chondrite normalized REE pattern ofoddte shows positive Eu anomaly and
relatively elevated content of HREE.

The isotopic composition of sulphur of hydrothetdhaids (5 **S = +4 aZ +5 %. CDT)
indicates that sulphur was not derived from meteabhsic rocks. Calculated™®0 value
of hydrothermal fluids is +3 to +5 % SMOW (temperats 188-238 °C, i.e. temperatures
of homogenisation of primary fluid inclusions); lmalatedd **C value of hydrothermal
fluids is -5 to -6 %0 PDB. On the formation of Pb-Biinerals the temperature could be
higher (approx. 250 to 300 °C). Secondary fluidiis®mns in dolomite contain methane,
primary fluid inclusions are relatively high in saly (17.0 to 20.9 wt.% NaCl equiv.).
Such parameters correspond mainly to brine derifreth a sedimentary basin. The
substance of metals was probably extracted duringration of solutions from its
surroundings.
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Mobilization of Cu by rain fall on a historical cop per mine dump,
Lubietova, Slovak Republic
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Historical mine waste dumps iHubietova are well known to mineral collectors as
a type locality of copper mineral libethenite. Tdigective of this study was identification
and modeling of geochemical processes mobilizingoZwvaters percolating though piles
of copper ore dumps. Samples of water from a smimja small stream coming out of the
tailings show that the concentrations of major congnts Ca, Mg, Na and K are relatively
low, equal to 5.83, 6.83, 2.73, and 1.96 mg/L, eetipely. The major anions are $O
(33.12 mg/L) and HC® (28.07 mg/L). The Cu concentration is relativeigth close to the
spring it equals to 2.0 mg/L and decreases dowrstiteam to 0.9 mg/L (200m from the
spring).

The bottom of a stream coming out from the tailisgcovered by green earthy
precipitate. It covers rocks, leaves and all theeab with tight coating. X-ray diffraction
analysis indicates that it is amorphous. The mammponent of the coating is organic
(probably algae) and can be removed withO} Scanning electron microscopy
microanalysis (SEM/EDS) shows the presence of GliRanMore research is needed to
explain the character and mechanisms of formatighis coating.

Primary copper minerals (e.g. chalcopyrite, tetthlie) and secondary copper minerals
(malachite, langite, azurite, libethenite, reichacetiite, and covellite) were identified in the
deposit. Optical microscopy reveals that the seapnaopper minerals are a result of
transformation of chalcopyrite. Hydrochemical maadglusing PHREEQC computer code
confirms that chalcopyrite exposed to rain wated air is thermodynamically unstable.
This can contribute to increased concentration of i@ waters. Also, formation of
secondary langite and covellite, determined by captimicroscopy and SEM/EDS, is
consistent with PHREEQC calculated saturation ieslicThe same applies to Fe
precipitation as goethite and lepidocrocite, whiich consistent with hydrochemical
modeling.
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Pb-(Al,Fe ") - arsenate association from R edziny, Rudawy Janowickie,
Southwestern Poland

Bozena GOLEBIOWSKA', Adam PIECZKA!, OLAF BORKIEWICZ?
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The deposit of dolomitic marbles akdkiny, located in the Kowary-Czarnow Unit,
occurs within the Eastern metamorphic cover ofkhekonosze granite. The proximity of
the granite gave rise to the formation of an abahdaolymetallic, hydrothermal minerals
in dolomites, and during weathering caused devetoyiraf secondary mineral assemblages
(arsenates, vanadates, phosphates, carbonatesidad; @.g. Parafiniuk, Domaka 2002;
Gofkbiowska 2003; Gebiowska et al. 2006).

Philipsbornite and segnitite, the Pb-(APHedominant arsenate minerals within the
alunite-jarosite family, are very rare secondaragas found in the oxidation zone of ore
deposits. Carminite, other Pb-Fe-arsenate, cohegiswvith both previously mentioned
minerals, is more common in nature. To date howdhese minerals have not been found
in Poland. In Rdziny, Pb-(Al,Fe)-arsenates were identified in droalern (up to 3-4mm),
or in microareas, within accumulation of arsenojgyand sphalerite, Ag-bearing galena,
Cu(Ag)-Pb-Bi(Sb) sulphosalts and chalcopyrite.

The XRD, SEM coupled with EBSD and EDS, and chamievestigations (by means
of WDS method) were carried out to characterizeseh@hases. The analyses were
calculated on the basis of 14 O apfu for philipsiitersegnitite and on the basis of 10 O
apfu for carminite. The mean empirical formula farilipsbornite is: (PeBio.1LCa.09
(Al 30 62C Uy 01ZN0.01) [(AS0.89P0.0850.02) O (AS0.88P0.0650.00 O3.0{OH)o.64(OH)s.00  (N=30),
and for segnitite: (RRBIi0.04Ca.09K0.09 (F&.27Al 0.78CUo 01ZN0.09) [(AS0.88P0.0150.06)
O3.85OH)o.15/(AS0.88P0.0150.09 O3(OH)1.0d(OH)s.00  (N=10). The empirical formula of
carminite is: (PDoiBio.01Ca.05) (F€1.76Al 0.18CUo.02)[(AS0.99P0.01) Oa/ (ASo.99P0.01) O3.94 OH)o.07]
(OH),00 (N=25). The presence of Pb-(Al,Fe)-arsenates within onettef deepest
exploitation horizons, and within weakly alteredlypoetallic mineralization suggests
formation of the aforementioned phases duringahitieathering stage.

AcknowledgementThis work was supported by the AGH-University ofidce and
Technology (grant no. 11.11.140.158).
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Berryite, a Cu-Ag-Pb-Bi sulphosalt from R edziny; Rudawy Janowickie,
Southwestern Poland
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Ore mineralization in the §lziny area (Rudawy Janowickie Mts) is associateth wi
schists and amphibolites of the Kowary-Czarnéw Wit borders the eastern margin of
the Karkonosze granite intrusion. The main minerlsenopyrite and cassiterite are
accompanied by various base-metal sulphides anghaesélts. Primary sulphide
mineralization has been affected by hipergeniaatiien, resulting in a wealth of secondary
minerals (Gagbiowska 2003; Gaebiowska et al. 2006; Parafiniuk, Dofigka 2002). This
paper presents mineralogical characteristic ofyftetr a rare Cu-Ag-Pb-Bi sulphosalt.

Berryite, AgCuwPhiBi;S; occurs within arsenopyrite veins in the form @iy thin
tabular, elongated crystals up to 160 long, together with giessenite, (Ag,Cu)-bearing
cosalite, mineral of the aikinite-bismuthinite &sri Ag-bearing galena and gustavite. Small
irregular inclusions of berryite in this associatibave been rarely observed. Grains of
berryite commonly occur between large grains ofxigitng minerals, very often also in
outer rims around these aggregates. The calcutategbosition of berryite on the basis of
2Me = 15apfu is (Ag.0L Uz g-€.0MN 01C 0 01) P13 01(Bi7.055k0.09 Sis.865€.04(N = 88). The
Cu/Ag ratio varying in the narrow range from 1.891t52, and minor Sb substitution for Bi
correspond to berryite from other occurrences.

Thermochemical conditions of crystallization ofethAg-bearing sulphosalts from
Redziny have been evaluated by Piecz&h al. (2005). Berryite occurring in the
polymineral aggregates of sulphosalts probablytatyzed within the temperature range of
350-320C.
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Opal breccia from Dobrica Hill (Central Slovakia): a mineralogical and
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The occurrence of opals at Dobrica Hill (Centridv@kia) is connected to Sarmatian
volcanic rocks which consist of altered andesited @verlying fresh pyroclastic rocks. The
low hydrothermal activity is documented by preseatearbonates, chalcedony and opal
(Karolus & Karolusova in Haar, 1988). The opal specimens were studied using ¥R -

IR, Raman spectroscopy, and EMPA methods. Macrdcalbp all 5 samples are
characteristic with well observable breccia textane white to yellow white patina. Rarely
the fragments of fossils were determined on théasar Clasts are deep green, whereas the
infilling between the clasts is mainly light greékccording to the XRD analysis, the clasts
and the infilling consist of pure opal-CT with vaie ordering. Plagioclase, clinopyroxene,
jarosite and goethite have been identified with Ramand FT-IR spectroscopy. In thin
sections, the clasts and infilling show low bire§ience characteristic for opal-CT. Jarosite
occurs as irregular crystals, frequently groupetb ithe aggregates or occasionally as
euhedral rhombohedral crystals. Since the opal-@3sd't have crystalline structur@nly
long range ordering has been reported), it is irsipbs to calculate its stoichiometric
formula. Therefore, the results from chemical asialjusing EMPA method are given in
the weight percents. The opal-CT clasts are endigheAl,05 (1,2 — 2,2 wt%) and Fe@r
(0,7 — 1,2 wt%), CaO (0,1 — 0,4 wt%), MgO (0,3 5 @1%). Infilling is depleted in AD;

(0 — 1,1 wit%), Fe@yr (0,0 — 0,7 wt%), CaO (0,0 — 0,2 wt%), MgO (0,0,2 @1t%) but the
content of SiQ(91,7 — 100,5 wt%) is higher than in opal-CT clg8{,3 — 93,9 wt%). The
origin of opals is connected with hydrothermal wtfi However, the origin of the opal
breccia is more complex. The presence of fossilgrfrents suggests that the hydrothermal
solutions intruded into the basin with seawatedileg to polymerization of k5iO,. Due to
the aging the newly formed opal cracked. Consedyethie opal layers were covered with
the pyroclastic material and reheated. This redutieremobilisation of Si@which filled
the cracks between the clasts forming the well vadde breccia textur.
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Mineralogy of Noctis Labyrinthus (Valles Marineris, Mars) - results

from imaging and Fourier spectrometers
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The data of the OMEGA imaging spectrometer andPlametary Fourier Spectrometer
(PFS) of the Mars Express mission have been usethdtyse the diversification of the
mineral composition of the Noctis Labyrinthus regi@ complex pattern of intersecting
fault systems, which is situated in the westernaritie Valles Marineris canyon on Mars.

Dominant minerals of the Noctis Labyrinthus area pyroxenes and plagioclases,
which are present both on the canyon floors andeplaPresence of clinopyroxenes is
observed both in the central and western part oftisld_abyrinthus. Plagioclases are
located mainly in the central part. Phyllosilicatiesg. monmorillonite, nontronite) are
observed on the slopes and floors of canyons inwtestern and eastern part of Noctis
Labyrinthus. Large quantity of hematite covers phates, mainly in the western part of the
study area. In the central part small quantitiessolfides (chalcopyrite, arsenopyrite)
coexist in the hollows. Very small quantities ofetfute and lepidocrocite are also present
on the slopes. Presence of phyllosilicates in tlest part of rock basement and large
quantity of hematite on the plates correspond#éostratigraphy of Mars, which has been
advanced by the OMEGA team on the basis of theaglotineral composition of the
surface.

In a part of spectra from both OMEGA and PFS spewtters absorption bands show
reduced intensity (contrast) in relation to thedity spectra. It could be the reflection of
different grain sizes of the materials. In the cafsgoethite and lepidocrocite the difference
in the intensity of the bands might be caused leytAH group content (less hydrated
variety of mineral). Test comparison of the OMEGgestra of the investigated area and
the spectra of rocks from JHU Spectral Library dadés basaltic andesite.

In the case of the Noctis Labyrinthus region theliy of the data set collected by
OMEGA and PFS is handicapped by a considerableartist of the spacecraft from
pericentre during measurements and an increasekinttgs of the atmospheric column
arising from the few-kilometers deep grabens makimgsignificant part of the explored
area. The PFS data could be additionally affectethb presence of the dust signatures in
the analysed spectra.
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Two stage evolution of niobian titanite from hedenb ergite vein skarn
at Pisek, Moldanubian Zone, Bohemian Massif
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Hedenbergite skarn with accessory niobian titaoiteurs in marble at the Kamenné
doly quarry near Pisek (Czech Republic). Smalldaged xenoliths of calcite-chondrodite-
phlogopite marble are hosted in leucocratic biotitgymatites with numerous intrusive
bodies of ultrapotassic melagranite to quartz dgefdurbachite). Marbles are locally
rimmed with a zone, up to 2 m thick, formed by asgige pyroxene-garnet-vesuvianite and
pyroxene-quartz skarns (Houzar et al. 2008). Zomas of hedenbergite skarn are up to 3
cm thick and cut discordantly marble close to d@atact with massive garnet-pyroxene and
pyroxene skarn. They consist of hedenbergite s{kiDiis.43ltk.5) and minor quartz,
clinozoisite, calcite, altered Ca-plagioclase, stite and sulphides. Grains of niobian
titanite, typically enclosed in hedenbergite anértg) are concentrated in central part of
skarn veins.

Niobian titanite exhibits complex zoning in BSE. eThindividual zones and the
individual compositional subtypes distinguished niilobian titanite gave rather distinct
compositional evolution and substitution exchangeters. Negative correlations (Al,Fe)+F
vs. R and (Al,Fe)+(NB*, Ta") vs. R*, where R = Ti, Sn and Zr, and low contents of Na
in niobian titanite correspond to the heterovalenbstitutions: (1) (Al,Fe)(Nb,Ta)bi
dominant in Nb-rich titanite and Nb-moderate titarof the central zone and (2) Al(F,OH)
(TiO).; typical for Nb-poor, Al,F-rich titanite of the art zone. Textural relations of
niobian titanite and crystal structural constraintdicate two stages of evolution. The first
stage - formation of heterogeneous Nb-rich to Nlmenate titanite of central zone with
dominant substitution (1) and only minor participatof the substitution (2) — represents
a primary crystallization from relatively high-teemature fluids. During the second stage,
alteration of early niobian titanite induced by i€hr fluids took place, and resulted in
formation of less heterogeneous Nb-poor, Sn-endicired Nb-poor, Al,F-rich titanite of
outer zone with dominant substitution (2).
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Compositional variation of amphibole from metabasit es of the Sowia
Valley, I1zera-Karkonosze Block (West Sudetes)
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On the SE side of the metamorphic cover of thek&aosze granite and within
metapelites of the Sowia Valley crop out severaldib® of moderately foliated
porphyroblastic metabasites. In these rocks amjhippears both as porphyroblasts and
prisms parallel to the metamorphic foliation plaAeditionally, well-foliated metabasites
(amphibole schists) devoid of porphyroblasts weiso afound. Depending on the
microtextural position of amphibole crystals in treck, different core-to-rim chemical
variation trends have been ascertained. The pooplagt and prisms oblique to the main
foliation in amphibole schist show zoning corresgiog to a compositional shift from Mg-
hornblende to tschermakite and then to Mg-horntdgod actinolite) field. The amphiboles
from matrix and those from pressure shadows arqorghyroblasts are tschermakite in
cores and actinolite at rims. In one sample ofsclthe zoned blasts of amphibole are
overgrown by late-to post-tectonic cummingtonite.

Based on these observations, detailed thermobariomestimations involving
amphibole end-member equilibria enabled the unliagedf the metamorphic evolution of
the metabasites studied. Peak metamorphic conslitidy) of 620°C and 5.5-6 kbar were
preceded by the variously recorded $fage (T: 460-540°C, P: 2.6-5.0 kbar), while tst |
metamorphic episode (@ytook place at 450°C and 2.5 kbar and was recolyjethe
samples collected in the proximity of the Karkor@g#tuton. The cummingtonite-bearing
sample of amphibole schist recorded two stages ethmorphism (450°C, 2.3 kbab
520°C, 4 kbar).

The amphiboles studied shed a light on polystageamorphism of the Sowia Valley
metabasites. Two first stages of MP-MT metamorphisuaghly coeval with deformation
events, took place under the epidote-amphiboliten tamphibolite facies conditions,
whereasthe last stages;Mvas linked with retrograde metamorphism. Due t@ebnof
thermal activity of the Karkonosze granite, thisatieely LP-HT metamorphism is well
detectable in metabasites located closer to thkdtaisze granite, as the re-equilibration of
mineral assemblages and eventually growth of curgtoiite took place.

Acknowledgement: The grant from the Faculty of [6gg, Warsaw Univ. BW 1761/14
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Metabasic rocks from the Polish part of the Orlicki e Mts.: preliminary
result of a geochemical study

Stawomir ILNICKI*, Jacek SZCZEPANSKI?

Warsaw University, Institute of Geochemistry, Mategy and Petrology, AZwirki i Wigury 93, 02-089
Warszawa, Poland, e-mail: slawomir.ilnicki@uw.gdu

2 Wroctaw University, Institute of Geological ScieacPl. Maksa Borna 9, 50-204 Wroctaw, Poland, é:ma
js@ing.uni.wroc.pl

Metabasites of the Polish part of the Orlickie Mtem several outcrops of variously
foliated, fine- to coarse-grained (sometimes porphhlastic) rocks composed of amphibole,
plagioclase and subordinate chlorite, ilmenitejleutgarnet, epidote, apatite and quartz.
Mostly well-defined trends between major elememntd #Mg# (Mg#: 58-67) and linear
correlations between pairs of HFSE indicate thahary concentrations of elements were
not disturbed during metamorphism. Geochemicallgs¢h rocks are classified as Si-
saturated (ol- and hy-normative) basalts and tilaabglts of tholeiitic affinity. Several
discrimination diagrams reveal that their chemitedtures are typical of within-plate
basalts ranging from E-MORB to N-MORB. The chorehiibrmalised REE patterns show
variable enrichment/depletion in LREE ([La/¥k] 0.49-2.26) resulting in gradual change
of slope of diagram lines from positive to negatbree; sometimes positive Eu anomaly is
observed. These diagrams also display fairly ftafiles and weak fractionation of HREE
([Tb/Yb]cn: av. 1.3+0.1). When compared to primitive mantRM], the metabasites
studied display moderate enrichment in incompati#denents (9-20 x PM) and systematic
decrease of concentration from LREE towards leasbmpatible elements, varying
concentrations of LILE and only slight negative Nlband P anomaly. In general, profiles
follow that of E-MORB yet displaced towards highabundances relative PM. Few
samples show depletion in most incompatible elemeheir diagram lines resemble either
that of N-MORB or intermediate between E- and N-M®R

Several geochemical features indicate that variatibchemical composition is most
likely attributable to different degrees of partmaklting coupled with source heterogeneity
(variously depleted asthenospheric mantle). Therend evidence for introduction of
metasomatic component into the source, while crusiatamination effects are mostly
negligible. Melt was generated at shallow levelshimi spinel (xgarnet) stability field at
depths probably not exceeding 60 km.

Acknowledgements: The study was financed by theistin of Science and Higher
Education research grant No 2P04D 22 27.
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Lower Cretaceous ,black smoker” chimneys in pillow basalt beds in

the Eastern-Mecsek Mts.
Viktor JAGER?

Herman Ott6 Museum, Department of Mineralogy, Miskidungary, jagerviktor@yahoo.co.uk

The goethitic iron ore formation near Zéngrkony is known as ,Lahn-Dill"-type
mineralisation, but the origin of the iron ore islixdebated till now. Although none of the
specialists have published about sulfides from this well developed sulfide chimneys
were found in these pillow-basalt. and there arkemtevidence indicating that the
Zengdvarkony iron ore district was a ,black smoker” likeea at the late jurassic-early
cretaceous period.

The presence of hyaloclastite and peperite atetthge of these pillow-basalt beds
suggests that these rocks are non piroclastic, hwliccontradictory to some previous
publications Pant6, 1955;Csalagovits 1960; etc.). The inner parts of basalt is corados
of various size pillows with ,chill margins” (thaverage diameter of pillows is 1-2 m).
The pillows core, barely altered, often consists df-augite and labradoritic plagioclase
phenocrists, opaque minerals (ilmenite, magnefigrite), and secondary minerals
(nontronite, goethite, calcite, quartz). The teatis variolitic. The cavities, filled with
nontronite and calcite, sometimes quartz, are fram to cm in size. Metasomatized
calcareous mud with hydrothermal cavities can hedobetween the pillows which was
interpreted by some authors as limestone xenolithes

All pillow beds contain cracs, few milimeters indth. Within centimeters from these
cracks the rock, usually purple, turns brown. Sarh¢he meeting points of these cracks
developed chimney structures near the surfaceéstufl margins” of the pillow basalt. One
of these chimney systems is 1 m high and 1 m wide top of this chimney system
metasomatized calcareous mud can be found. Thenelyirsystem consists of individual
pyrite and marcasite tubes, few milimeters wideyitig concentric layers. The inner parts
contain 40 — 60 um pyrite framboids. The individhakagonal pyrite crystals are about 2-3
pm in size. The marks related to the bacterialviigtcan be found within the sulfides.
They form branching lines, few micrometers in sizh sulfides oxidized to iron oxides
and sulfates. The external rims of the tubes ardentd acicular calcite and the last to
precipitat was quartz. As a summary, partly thetljte ore deposit could have been
sulfides.
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Chronological constraints on the provenance and dep ositional ages
of the supracrustal rocks of the Orlica- Snieznik Dome, West Sudetes

Mirostaw JASTRZEBSKI?, Izabella NOWAK?, Andrzej ZELAZNIEWICZ®, Alexander N. LARIONOV?

! Institute of Geological Sciences, Polish Acadef§aiences, Wroctaw, Poland e-mail: mjast@intetia.p
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Two supracrustal formations have been traditionaligtinguished in the Orlica-
Snieznik Dome (OSD): the Miynowiec Fm., which hagbeupposed to represent an older,
Middle Proterozoic sedimentary succession and tlien®- Fm. that could represent
a subsequent Lower Paleozoic depositional evertk$kof these formations are separated
by an extended horizon of light quartzites that @asidered to be metamorphosed basal
conglomerates of the Stronie Fm. (Don et al. 2008).order to examine possible
differences in maximum depositional ages and pranees of these rocks, the SHRIMP
detritial-zircons geochronology have been performedl) paragneisses of the Miynowiec
Fm., (2) light quartzites and (3) mica schistsh&f Stronie Fm. The studied metasediments
(altogether 45 spots in each sample were analyzmttain comparable zircon age spectra,
which strongly suggest that detritial componentthef Mlynowiec Fm., the light quartzites
and mica schists of the Stronie Fm. originated ftbmsame source area. The microprobe
dating has provided evidenfoe Archean (2.5-2.8) Early Proterozoic (2.1-1.8) @ad Late
Proterozoic (660-640 Ma, 610-590 Ma and 570-530 l&logic events, which indicates
the connection of the OSD with the West Africartenéc province. Presence of ca. 530 Ma
old zircons in the Miynowiec Fm. indicates that iteaximum depositional age is not
Proterozoic, as it was assumed, but Early Cambhmaddition, in order to specify the age
of the Stronie Fm., 30 spots within 25 zircons mggairom metabasites of Mt. Krzyik
region were analyzed. These rocks, which plausigyesent lava flows deposited together
with adjacent carbonate rocks, contain Paleoarc(@anGa), Early Proterozoic (2.1-1.9),
Late Proterozoic and Cambrian U-Pb zircon ages.n8lytical points defining the
Neoproterozoic age cluster gave the concordia dge98+/-18 Ma, whereas 14 points
obtained from both internal and outer parts of mafignzircon grains gave the age of
489+/-11 Ma. The most plausible interpretation lef bbtained results is that the studied
metavolcanic rocks originated from melting of theséng continental Cadomian crust at
ca. 500 Ma. In conclusion, new U-Pb SHRIMP datitgpve that protholits of the
Mtynowiec and Stronie Fms. i.e. tuffs and lavasetbgr with pelitic and carbonate rocks,
represent single Late Cambrian sedimentary suaessihich had deposited on the
Neoproterozoic crust. The obtained age of the supstal rocks indicates a very short
period of time between their sedimentation and ssiite deformational event which was
terminated by Early Paleozoic granitic intrusions.

Acknowledgement: This study was supported by theiS¥M grant no N307 068
32/410

79



«Oenre,
MINERALOGIA - SPECIAL PAPERS, 32, 2008 R N

www.Mineralogia.pl ] i
£ 0

MINERALOGICAL SOCIETY OF POLAND é, é"

POLSKIE TOWARZYSTWO MINERALOGICZNE /IQ%AZ(‘S’O\O

Electrochemical copper cementation at the Podlipa d ump-field,
Lubietova deposit (Slovakia)

Stanislav JELEN?, Ivan KRIZANI®, Peter ANDRAS™?

! Geological Institute, Slovak Academy of Scien@@4,01 Banska Bystrica, jelen@savbb.sk
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The surrounding of th&ubietova belongs from the historic viewpoint to timst
important ore regions of Slovakia. The hydrotheroagper mineralization of this region is
developed within three occurrences: Podlipa, Swifind and Kolba. In addition to Cu and
Fe also Co, Ag and Ni mineralization is importafll. these occurrences (but above all
Podlipa) were exploited from the prehistoric timégqproximately 25 thousand tons of
copper was exploited during 500 years (Bergfesb1190re mineralization is represented
mostly by chalcopyrite, less by tetrahedrite andtpyIn the quartz gangue mineralization
also siderite and ankerite is present.

The samples of the surface water from the referemea, drainage water at the dump-
field as well as of the groundwater were analysgdAS. Contamination by Cu, Pb, Zn,
Cd, As, Sb, Fe, Ni, Co was studied. The Cu coritettie surface water from the reference
area ranges from 0.0173 to 0.0211 fhglh contaminated water from the depression at the
foot of the dump-field it varies from 1.81 to 2.86g.I', and in the sediments of above
mentioned depression it reaches 15 402 ppm CuppB4Pb and 220 ppm As.

Cementation is a electrochemical process (,infezletrolysis®) of crowd-out effect of
metals based on electrochemical reaction betweenct#mentator-metal and ions of
precipitating metal. Steel nails immersed in thenestation water of the depression
beneath the dump-field were oxidized within a moattd their surface was covered by
layer of green coating, containing of Cu secondaigerals and of cementation copper.
Optical study of polished sections and the studyelectron microprobe proved gradual
precipitation of copper. The cementation copperofsa high fineness. The electron
microprobe point analyses revealed Cu contentp ¢6196.07 wt.%.

The ability of the drainage water to precipitagnentation copper on the iron surface
gives the possibility to realize Fe-barrier fomghation of heavy metals from the drainage
water and contributes to the remediation of theimgjwlistrict.

Acknowledgement: This work was supported by thev&k Research and Development
Agency under the contracts No. APVV-51-015605 aR#10362-06.
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Bismuth minerals from Banskéa Stiavnica and Hodru3a epithermal
gold-silver-base metal deposits

Stanislav JELEN', Jaroslav PRSEK?
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The epithermal base and precious metal mineraizas situated in the large Banska
Stiavnica-Hodrusa ore district. Vein system is liseal in the central part of the Stiavnica
stratovolcano. The characteristic vertical zoningld be observed with increase of depth:
Au-Ag, Pb-Zn and Cu zone. Cu zone occurs as eldvaiecontent in the Rozalia and
Bieber veins only. The presence of Bi mineralsjdgpfor the deeper parts of the vein
system, is associated with higher contents of dpsidte, bornite, scheelite and hematite.
Hodrushite is a typomorphic mineral for the Rozal@n (Kodtra et al. 1970). Together
with aikinite, wittichenite (sometimes Ag bearirgy)d emplectite it is the most common Bi
sulphosalt in the quartz-hematite-chalcopyrite aggtes. The gold of higher fineness (860-
910) associates with Bi minerals: emplectite, rddél hodrushite and p&aite. The
various Bi sulphosalts are characteristic for thmpar part of the Rozalia vein. The
sulphosalts of the cuprobismutite homologous s€kagiikite — Fe rich, hodrushite - Ag,
Pb and Fe bearing, cuprobismutite - Ag and Pb ridhsmuthinite derivatives
(bismuthinite, gladite, krupkaite, hammarite, limdsnite friedrichite, aikinite), Cu bearing
minerals of the pavonite homologous series (paepniiakovickyite, benjaminite and N=6)
together with berryite (Ag rich), padiite (Ag, Pb bearing) and emplectite occur thére
Ag-Cu-Pb-Bi minerals of the lillianite homologousries (vikingite, ourayite) together with
minerals of the galena-matildite solid solution wrc the deeper part of the Bieber (500-
700 m deep) and Rozalia veins (300-400 m deep)sdnginerals crystallised under the
higher temperature conditions in the copper mimeatibn. Higher temperature could be
demonstrated by presence of the myrmekitic intevtjnoof the galena and matildite.
Sometimes the minerals of the tetrahedrite-freibbergeries, polybasite, pearceite with
small Bi content occur in these aggregates. Membetble stibioluzonite-luzonite series
with various Sb/(Sh+As) ratios were also identified

Acknowledgement: This work was supported by thev&k Research and Development
Agency under the contracts No. LPP-0362-06, andhieySlovak Grant Agency VEGA
(project No. 6059).
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HCNOS stable isotopes for environmental reconstruct ions: why most
of the up to the date models have to be revised

Mariusz O. JEDRYSEK®

www.marion.uni.wroc.pl, Lab.lsotope Geology ando@&@mlogy, University of Wroctaw, 50-205 Wroctaw,
Poland

Various components of freshwater sediments espgeaarbonates, sulphates, silica,
organic matter, peat and tree rings are potentalyndant archive to reconstruct past
environmental conditions including climates. Howe\ieis not clear in what extend (from
dominant to negligible role) isotopic compositiditliese components is determined by: (i)
temperature, (ii) physiology of the living planteafious species fractionate differently), (3)
isotopic composition of assimilated compounds €»,, SO, and HO, (iv) isotopic
fractionation resulted from assimilation and reatxm, (v) pH, Eh, (vi) kinetics and mass
balance, (vii) humidity and precipitation, (viiiy&poration, (ix) age and health of analyzed
object during fixation of isotopes, (x) anthropogeimpact, (xi) postdepositional changes,
(xii) other factors. The role of these factors vl discussed during presentation and some
examples will be shown. Most of the audience mosbably will conclude that most of the
up to the date environmental models have to beeedwvin the most).

82



«Oenre,
MINERALOGIA - SPECIAL PAPERS, 32, 2008 5{} 75N
www.Mineralogia.pl 9] %
; <
MINERALOGICAL SOCIETY OF POLAND ;//l/ .\?
5 '“"o\o
POLSKIE TOWARZYSTWO MINERALOGICZNE ALO

Cenospheres from fly ashes of Laziska power plant
Tadeusz KAPUSCINSKI, Ewa STRZALKOWSKA'
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Cenospheres constitute a side-effect of hard lsoaling process in power generation
plants, their contribution does not exceed 1% of @mtent. They are grains of spherical
shape, in most cases colourless or milky. Insidey @re filled with gases generated in the
combustion process. Due to their characteristic gamition, these tiny ash particles are
particularly vulnerable to dusting. Spherical geamiry fast; captured by winds, they are
transported to long distances, causing air andrvpatiéution.

The scope of the paper is the discussion of thelteof tests on cenospheres samples
obtained from fly ashes of taziska Power Plant. Beraged cenospheres sample was
subjected to chemical analysis, involving the duateation of basic components and
selected toxic elements. Also, basic physical prigse important in view of industrial
assessment and options of their disposal werendigied.

The dominating constituents of cenopspheres dieors dioxide (SiQ) and aluminum
oxide (ALO3), the percentage of which is: S#54.9 % and AlO;= 28.5 %. Such high
concentration of the above mentioned componentdues to the aluminosilicate glassy
phase and the presence of partly crystallized taullas substantiated by X-ray
difractometry. The total fraction of other elemerits.: FgO;, CaO, MgO, KO does not
exceed 16 %.

In view of glassy structure, similar to pearl stdow bulk density (below 0.5 kgfn
good granular composition, with considerable peiagm of the class below 0.25 mm, as
well as high refractoriness (sP-147), the analysatspheres may be used as raw material
for thermal insulation, offering an alternative fomported pearl stone. The release of gases
(CO, and Ny), determined by means of thermal tests, indictitasthe tested cenospheres
may also serve as effective fire-protection malkeriloreover, due to high refractoriness,
the tested cenospheres may be used as founding epoind steel casting, or for
manufacturing light concrete with improved thersimdulating properties, especially in
consideration of easy extraction method and lowsciosolved.
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Weathering process of Morasko and Puttusk meteorite S
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Morasko and Pultusk meteorites represent two diffetypes of interplanetary matter.
The Morasko meteorite is classified as an iron-typseorite (IAB), whereas the Pultusk
one represents a stony meteorite, in particulainarg chondrite H5 (brecciated). The
source area for the Morasko meteorite is most figtthe planetoide 4 Westa type, while
the Pultusk meteorite comes from the 6 Hebe plasetorhe Morasko meteorite was
discovered in 1914, and its fall is estimated fob(® — 5 000 years ago. The Puttusk
meteorite fell down 140 years ago.

Petrographical investigations were carried out gidimth reflected and transmitted
microscopy and mineral phases were identified loptically and using X-ray diffraction.
Chemical composition of minerals was determinechgigl scanning electron microscope
equipment of an EDS (EDAX) detector (Scanning Mscapy Laboratory, Faculty of Earth
Sciences, University of Silesia, Sosnowiec) andaan€ca SX 100 electron microprobe
(Inter-Institutional Laboratory of Microanalysis dflinerals and Synthetic Substances,
Faculty of Geology, Warsaw University).

In both meteorites, only metallic phases: kamad#enite, tetrataenite and in a small
extent troilite, underwent weathering. In caseh& Morasko meteorite also schreibersite
and cohenite show weathering. In both meteoritesieiar-surface zones among thé*Fe
hydrooxides the secondary high-Ni metallic phass=uo They represent native nickel or
awaruite NiFe. Rarely non-stoichiometric Ni-sulphides with &@mixtures formed. Only
in small cavities in the Puttusk meteorite was fbumillerite NiS. Awaruite or native nickel
is usually found as thin coatings emall rhabdite crystals occurring in phosphates and
chlorides. In mild climate conditions slow weatlmgriof iron and stony meteorites occur. In
the soil environment the presence of could caus@ctere conditions in some places.
During oxidation of metallic phases, a substartibimeteorite concentration took place in
a form of metal and sulphide minerals. The maindpots of weathering — iron
hydroxyoxides and partly carbonates — are enrigheli in relation to primary metallic
phases. In secondary high-Ni metallic phases tlmgtenrichment in Ge (5.02% at) and
partly in Ga (0.29% at.) occurs. That might be amdence for a strong siderophile
tendency of these elements in hypergene conditions.
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Experimental study of blast furnace slag hydrotherm al transformation
- preliminary study
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Blast furnace (BF) slag is a co-product of metagjical processes of pig iron
production. It can be used as a replacement mhaferigement or as a road construction
material, what gives economic and environmentaeben(Escalante et al., 2001). BF slag
is composed of reactive mineral phases which maytago harmful elements. Usually,
concentration of toxic elements like Se, Cr, Pb, 8¢l and so on, are not very high, and
these elements are strongly bounded within slagpoments (Proctor et al., 2000).
However, BF slag may contain also other elemekiésdulphur.

The aim of this study is to simulate long-term qasses of slag decomposition in
presence of solutions of different composition adifferent pH value, which are
responsible for slag dissolution and release afhfarslag components.

Experiment was taken in Soxhlet apparatus, undedrdiiyermal conditions (in
temperature of boiling solution). Extracted materéand after-reaction solution were
analyzed using XRD and SEM-EDS.

First experiment was made to check reactivity eestigated slag in distilled water (pH
value ~ 5.8). Two types of BF slag were analyzdoesh slag” - sample 628 (from year
2006), and “old” slag - sample 629 (from 80’s X>htary). The output samples consist of
mineral phases typical for this type of slag. Impée 628 akermanite, gehlenite, rankinite
and orthoclase occurred, and in sample 629 aketepagehlenite, calcium silicate oxide
(no of PDF card 02-0506), and tremolite were deieech

Each sample of slag was treated in hydrothermadiitions for 24h and 120h. After 24
h experiment in sample 628 only slightly changeslag composition were noted. The
main mineral phases are akermanite, gehlenitejucalsilicate oxide (wollastonite). In
sample 629 the main phases are gehlenite, caldliaits oxide (wollastonite) and melilite
(probably instead of tremolite

After evaporation of after-reaction water solution sample 628 we can observe
crystallization of gypsum, hannebachite, sulphud a&alcite. In evaporated solution, of
sample 629, only gypsum crystallized.

After 120 h experiment phase composition changephifggéantly. In sample 628
melilite, rankinite and calcium silicate oxide (\&dtonite) are present as dominant phases.
From after-reaction solution gypsum, calcite, akdraanite crystallized. In sample 629
beside typical components like akermanite, gehdenlso larnite and hydrated calcium
silicate oxide — xonotlite crystallized. In evaptsolution only gypsum crystallized.

Experimental study indicates that analyzed BF sagpactive in distilled water under
hydrothermal conditions. Results of this study dadiés that formation of new phases is
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quite limited and leaching is restricted to S, Ceaching of S can cause harmful influence
on environment but also can cause accelerated daafagncrete construction.
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Experimental study of steel production slag hydroth ermal
transformation — preliminary study
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monika.kasina@uj.edu.pl, marek.michalik@uj.edu.pl

The studied slag is a co-product of metallurgigalcpsses, formed in steel production.
It is used as a raw material in road and concretesteuctions, but also in others fields of
industry (Yan et al., 1999; Motz, Geiseler, 2003)ag is composed of high-temperature
phases, which can be reactive for many years ausecthe release of harmful elements
into environment. This is the reason why receritigs are investigated as a waste material
that can cause environmental impact and also calabgerous for human health.

The aim of this study is to simulate long-term msses of slag decomposition in
changing conditions (different composition of sa@uat and different pH). The pH value is
one of the most important parameter for dissolutdérslag, and for release behavior of
toxic elements (Yan et al., 1999).

Experiment was conducted under hydrothermal canbti(in temperature of boiling
solution) in Soxhlet apparatus. Extracted matexial after-reaction solution was analyzed
using XRD and SEM-EDS.

First experiment was made to check reactivity efstigated slag in distillated water
(pH value ~ 5.8). Two types of steel slag were yred: “fresh slag” - sample 626 (from
year 2006), and “old” slag - sample 627 (reservesmfyear 2002). The output samples
consist of mineral phases typical for this typestdg: calcium ferrites (srebrodolskite,
brownmillerite), larnite , but also other Ca-Fe-Mm oxides and silicates.

Each sample of slag was treated in hydrothermaditions for 24 h and 120 h. After 24
h experiment in both samples no changes in phaspasition were noted (main phases
are calcium ferrite and larnite). After evaporatiohafter-reaction water solution we can
observe crystallization of calcite. It indicateattita dominate as an element leached form
the slag After 120 h experiment phase compositienged slightly. In sample 626 main
phases are calcium ferrite, larnite and wistit@ntafter-reaction solution only calcite
crystallized. In sample 627 beside typical compdmdike calcium ferrite and larnite also
bicchulit (watered ghelenite) is present. In evaped solution calcite and aragonite
crystallized.

Experimental study indicates that analyzed stk & not very reactive in distilled
water under hydrothermal conditions. Formation@fvrphases is very limited and leaching
is restricted only to Ca.
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Gold mineralization and geochemical exploration in Loean area,
central Iran

Ahmad KHAKZAD?, Setareh AHOURAN?, Behrouz BEHZADI", Alireza HEZARKHANI*

! Department of Geology, Faculty of Earth Scienceh&hBeheshti University

Loean area is located NW of Saveh city in markazivince. Based on structural
division of Iran, studied area is part of the OremDokhtar magmatic belt. The area
includes Eocene volcanic series (trachyandesitic atalesitic lava), Oligo-Miocene
sediments (Qom formation: limestone and marl) ardusive rocks. The intrusive rocks
which are host of the gold mineralization rangea@mposition from monzonite to diorite
and quartz-monzonite. Geochemically, the intrusstwows calk-alkaline trend. Tectonic
diagrams show that the intrusion is related taahptiate continental basalt.

The results of optical microscopy show that majainerals of intrusive rocks are
Plagioclase, Amphibole, and Pyroxene, while minamerals include Epidote, Calcite, and
Olivine. The most common alterations in the Loeamaaare serecitizatien@and
kaolinitization. Gold mineralization developes @rloonate, pyrite, chalcopyrite, malachite,
and covellite veins that are the most importantnsein the mineralization zone.
Mineralization correlates with the strike of a m@whl fault (S75-80E). 918 samples were
collected and analyzed with ICP and fire assay @#ar) methods for geochemical
exploration. The results of geo-statistics intetgien of the results show anomalous
concentration of gold in quartz. Gold occurs alsoeaithermal veins. The highest gold
content in mineralized zone is 999 ppb in the faglzone with W-E trend.
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Pyrometallurgical slags — analogs of natural geolog ical materials and
potential hazard for the environment

Jakub KIERCZAK!

! University of Wroctaw, Institute of Geological 8aices, ul Cybulskiego 30, 50-205 Wroctaw, Polanmhad
jakub.kierczak@ing.uni.wroc.pl

Pyrometallurgical slags derived from smelting afigus types of metallic ores, either
sulfide or silicate, comprise similar phase assegds. Phase composition however, which
reflects the bulk chemistry, may vary significanthetween various reworked ores.
Smelting slags formed at high temperatures (ov€010) and consist mostly of silicate
glass, synthetic equivalents of clinopyroxene, liteli olivine and spinel. Many slags
contain also various sulfides and/or intermetattienpounds which may often concentrate
some metallic elements potentially hazardous tethéronment.

Generally, chemical and phase composition as veelestures of slags are similar to some
geological materials such as volcanic rocks. Moeepslags exposed to atmospheric
conditions undergo the same weathering processesks

Main components of slags such as silicates andesxare known to be resistant to
weathering. However, a potential environmental lihraay be related to small inclusions
of sulfides and/or metallic compounds which areegalty considered as more reactive than
silicates and oxides. Since these inclusions aeptrd within stable silicates or silicate
glasses their reactivity is limited. However, iethare sufficiently abundant to constitute an
interconnected network, the preferential weathedahgulfides and/or metallic compounds
along the network may increase the rate of weatbeof the surrounding phases. Also,
weathering of vitreous slags resulting from smeltiof Ni ores is enhanced by the
agricultural practices.

An immediate risk of release of some potentiallgdrdous elements to the environment
depends on the breakdown of main slag constitygldss and silicates) and proportions of
potentially reactive sulfides and/or metallic compds. Furthermore, local conditions
(climatic conditions, soil pH etc.), in the aredslags storage, should be examined in order
to predict the environmental impact of that indiastwaste.
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Synthesis of mimetite-vanadinite, and pyromorphite- vanadinite solid

solution series
Jolanta KLASA', Justyna FLIS', Maciej MANECKI', Eliza KALTENBERG"

AGH University of Science and Technology, joladésa @wp.pl

Mimetite PR(AsO,)sCl, vanadinite P¥VO,)sCl, and pyromorphite REPO,)sCl are
minerals isostructural with apatites. Due to argosubstitutions natural pyromorphite
usually contains admixture of arsenates or vanadatel mimetite or vanadinite contain
admixture of phosphates. The structural and theymachic properties of minerals from
pyromorphite-mimetite series are well known. Thegn che easily synthesised in the
laboratory, and the solid solutions series of theseerals is continuous. However, the
knowledge on properties of vanadinite and its ssdillitions is sparse. This is partly due to
the lack of an effective method of synthesis obéhminerals.

In order to investigate the mechanisms of anionibsttutions in lead apatites, an
effective method of synthesis of vanadinite andsiddid solutions has been proposed.
Pyromorphite, mimetite, vanadinite and their saldutions from vanadinite-pyromorphite
and vanadinite-mimetite series have been synthesfmem aqueous solutions by dropwise
mixing of Pb(NQ),, NaVQ;, KH,PO,, Na,HAsO, and KCI at 108C and pH=3. X-ray
Powder Diffraction (XRD), scanning electron micropy (SEM/EDS), and infrared
spectroscopy (FTIR) were applied to identify anchrelcterize the precipitates. Both
vanadinite-pyromorphite and vanadinite-mimetiteicsdolutions series appeared to be
continuous. Application of XRD and FTIR analysis &emi-quantitative determination of
anionic substitutions in lead apatites is proposed.

Acknowledgement: This research was partially firmhcby MNISW research
project 2P04D01329.
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Mimetite formation from lead adsorbed on surface of Bacillus Subtilis
Anna KLESZCZEWSKA', Maciej MANECKI®, Ewa KISIELOWSKA?, Tomasz BAJDA"

Department of Mineralogy, Petrography and Geoclstmnj AGH - University of Science and Technolody, A
Mickiewicza 30, 30-059 Krakow, Poland akleszcke@uyeol.agh.edu.pl

2 Department of Mineral Processing, Environmentabtection and Waste Utilization, AGH - University of
Science and Technology, Al. Mickiewicza 30, 3®@Kakow, Poland

Bioavailability of arsenic in contaminated soilsdamwastes can be reduced to
insignificant levels by precipitation of mimetitddPAsO,)sCl. This results in conversion of
bioavailable arsenate ions into a highly immobileeral form resulting in neutralization of
the toxicity without removal of toxic species frasnil. Research regarding the reactions
between As@ ions in the solution and soil particles does nqtlan all the mechanisms
of reactions taking place in environment. The léaghown on the role of microorganisms
in the systemBacillus subtilisis a well characterized Gram-positive aerobic d&dat
commonly found in ground water and soil system® @éll walls of Gram-positive species
are highly porous. The adsorption of the lead igroosurfaces of non-metabolizing
bacteria is partly reversible. The adsorption efl@ntoBacillus subtilisare controlled by
pH (effectiveness of adsorption increase with iasieg pH) and ionic strength.

The objective of this study was to explicate thechanisms of the reaction between
solution containing lead ions and arsenates addarhenon-metabolizing bacterigacillus
subtilis surface saturated with adsorbedPBhe reaction, in the presence of @sults in
rapid crystallization of mimetite crystals on thaerface of bacteria cells (heterogeneous
precipitation) as well as in the space between tlfeamogeneous precipitation). The
mechanism of nucleation and precipitation depemdsetative kinetics of two processes:
PK** desorption and mimetite precipitation. Heterogesseprecipitation and formation of
mimetite incrustations on bacterial cells indictat desorption of lead from Gram-positive
bacteria is slower than precipitation of mimetifg. the conditions of our experiment,
homogeneous crystallization of pyromorphite is aule of reaction between ions in
intergranular solution.

Acknowledgement: This work was supported by thei$AM as the AGH-University of
Science and Technology grant No. N N307 2499 33.
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Sulfides oxidation in mine tailings material from t he antimony deposit
Dubrava (Nizke Tatry Mts.)

Toméas KLIMKO®, Martin CHOVAN?, Bronislava LALINSKA®, Jana MICHNOVA®

*Comenius University, Faculty of Natural Sciencest. Bf Mineralogy & Petrology, Mlynska dolina 843 1
Bratislava, Slovakia; klimko@fns.uniba.sk

In the second half of 30century Dubrava Sb deposit was the main antimeogycer
not only in former Czechoslovakia, but also in CanEurope. The effect of mining on the
surrounding environment was very intensive. Contatidon of this region is very high.
One of the contamination sources are four tailimgpaundments. The major type of
contamination is toxification (Sb, As), acidificai is insignificant (pH 7 — 8). Stibnite is
very unstable in oxidation conditions, dissolvesckly and spreads into surrounding
environment (Ashley et al., 2003).

The main effect of oxidation can be easily seethinsamples of tailing material taken
near the tailings surface. Different levels of @tidn and various products of sulfides
oxidation were observed. Pyrite is the most abundaifide mineral. Additionally, the
tailings frequently contain arsenopyrite and lessqdiently stibnite. Pyrite as well as
arsenopyrite grains are altered by oxidation in fitren of oxidation rims. The rims on
pyrite are mostly composed of Fe - oxihydroxideataming up to 45 at.% of Fe, up to
2 at.% of As and up to 1.2 at.% of Sb. The rimsettped on arsenopyrite grains contain
up to 37 at.% of Fe, up to 12.5 at.% of As andtaip.5 at.% of Sh. Content of As and Sb
in the rims increases in the direction away frorfides cores in both cases. Secondary
rims are mostly destructed and are subsequenthaatetl from the sulfide core. We have
not observed the presence of secondary oxides ctathwith stibnite grains. Based on the
presence of fractures in stibnite and significantience for Sb presence in pore waters we
suggest that Sb is leached from stibnite into tlat®ns; later, aqueous Sb is sorbed by
secondary Fe oxyhydroxides present in the system.

Various Fe and Sb-Fe oxides and oxihydroxidesatse common in tailing material.
Some of them are directly connected with sulfid@emals, such as goethite pseudomorphs
after pyrite. In other cases the origin is uncert&ie-oxihydroxides containing up to 42
at.% of Fe bind a large amount of Sb (up to 2 ag#g only a small amount of As (up to
0.2 at.%). Sb—Fe oxihydroxides contain up to 2%aif Fe, up to 19 at.% of Sh, and up to
0.7 at.% of As.

AcknowledgementThis work was supported by the Slovak ResearchDenelopment
Agency under the contract No. APVV-0268-06.
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Iron arsenates from Dlouha Ves near Havli  ¢ktv Brod deposit, Czech
Republic

Eva KOCOURKOVA!

Department of Geological Sciences, Masaryk Unitser&otladska 2, 611 37 Brno, Czech Republic, e-mail:
retty@centrum.cz

The deposit Dlouha Ves near HaWiiv Brod is situated in the variegated unit of the
Moldanubian zone, hosted by biotite-sillimanite igses and migmatites. The deposit was
mined until 1966 for polymetalic sulphide mineral&jor part of the vein material consists
of quartz and carbonate. Primary ore minerals aygtep arsenopyrite, pyrrhotite,
chalcopyrite, sphalerite and galena. Alteration eedthering of the ore minerals produced
supergene (sub)recent assemblages with prevailingrpghous hydrous ferric oxides,
jarosite, gypsum and scorodite and uncommon ceeelthalcocite, bornite, chrysocolla,
malachite, melanterite and rare pharmacosideritiekaikite.

Since the end of mining operations at 1966, thatlhering processes extensively
decomposed the ore minerals on waste dumps, praglingidrous iron oxides, sulphates,
carbonates and arsenates. Under mostly oxidizingditons, decomposition of
arsenopyrite took place, yielding scoroditefilige, pitticite and iron hydroxides as the
weathering products. Scorodite is a typical minefalpper parts of the dumps; the mineral
was identified by X-ray powder diffraction. Scortedforms thin, yellow or green coatings
and incrustations on arsenopyrite surface and fesxggnof ore material. The occurrence of
kankite in Dlouh& Ves is the first in the mining distrof Havlickiv Brod. Kaikite occurs
on weathered arsenopyrite, together with scorogitticite and amorphous iron oxides.
The mineral was identified by X-ray powder diffract, refined unit-cell parameters of
kaiikite [a=18,83(2) A, b=17,45(2) A, ¢=7,601(4) A] cespond to the published values.
Chemical composition data suggest slight substitutif S for As. Chemical study of both
As-minerals proved their inhomogeneous chemical pmsition, occurrence of AsS
substitution and variable B content. Amorphous hydrous ferric oxides contaareased
content of arsenic (up to 2.2 &%). At the surface of amorphous hydrous ferric ogjde
a younger minerals, for example gypsum and rozefaiten during dry periods.
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Mineralogy and alteration pattern of the Biely Vrch Au-porphyry
deposit, Slovakia
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Biely Vrch deposit is anew economic Au-porphyryineralisation in Slovakia
discovered by the EMED Mining, Ltd. The depositasated in the central zone of the
Neogene Javorie stratovolcano, and shares manyeiiep with Au-porphyry deposits,
especially those in the Maricunga Belt in N Chilegluding the lowest Cu/Au within
porphyry types deposits (<0.04 %Cu/ppm Au at B.Hyrc

Parental intrusion of diorite to andesite porphgnd its andesitic volcanic host rocks
are affected by extensive alteration, dominatedirtgrmediate argillic (IA) alteration
represented by I-S, illite, chlorite, pyrite + apmt rutile, epidote. It variably overprints
earlier high-T K-silicate (K-feldspar, biotite, maagite/ pyrhotite) and Ca-Na silicate
(intermediate to basic plagioclase, actinoliteertion in deeper levels of the system,
respectively. Propylitic/chloritic alteration (sntiée, CS/corrensite, chlorite, quartz, pyrite)
represents outer zone of the system. Ledges of nadda argillic (AA) alteration
(pyrophyllite, dickite, kaolinite, vuggy quartz #gite, alunite, dumortierite) correspond to
the youngest stage of alteration.

Several generations of veinlets are present. Tlesb A-type veinlets (biotite-
magnetite-quartz + K-feldspar, spinel, sericitefd associated with K-silicate alteration.
Younger quartz veinlets are the most common typeleAst 3 generations have been
recognized, some of them showing banded textuseiltieg from high content of vapor-
rich fluid inclusions and micrometer-sized magmetit chalcopyrite, pyrite grains.
Botryoidal textures are continuous across quaréingr suggesting recrystallization from
silica gel. Central part of some veinlets is fillag by pyrite, chalcopyrite £ magnetite,
marcasite, galena, sphalerite. They also occurndssidual veinlets affiliated to IA
alteration. Clay veinlets (illite, I-S, chlorite epidote, apatite, rutile, pyrite, magnetite,
chalcopyrite, sphalerite) are frequent, cutting rtpaveinlets. Younger kaolinite-
pyrophyllite veinlets (£ dickite, pyrite, rutile) cour only in places affected by AA
alteration. Carbonate-zeolite veinlets (+ epidat@rcasite) are younger than IA veinlets,
but are thought to be older or coeval with AA atern. Rare, solitary molybdenite occurs
within late fissures.

Gold grains usually occur in the vicinity of quaseinlets, in altered rock with clays
(illite, 1-S), chlorite and K-feldspar. Gold measarusually 2-15, rarely up to 40n, and
contains 3-7 wt% of Ag, and traces of Hg and Cus@Gillization of quartz from silica gel
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was probably induced by fluid decompression dushillow level of emplacement and/or
to dynamic paleosurface degradation, resultingestabilization of Au-complexes.

Acknowledgement: Support by EMED Mining, Ltd. aMEGA grant 1/0311/08 is
acknowledged.
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Isotopic signature of the Siberian flood basalts an d alkaline
magmatism of Polar Siberia

Lia KOGARKO?, Robert ZARTMAN®

1Vernadsky Institute, Moscow, Harward Univ. USA, Kiig@ Geokhi.ru, rzart@yahoo.com

A close association between alkaline magmatism emadtinental flood basalts is
observed worldwide. Nevertheless, the problemgédetic link between the Siberian flood
basalts (SFB) and the ultramafic-alkaline rockdshef Maimecha-Kotuy province in Polar
Siberia is still being debated. The SFB with a waduof 1.6x18 km® occur in the northern
part of the Siberian platform.The Putorana plateslobere about 90% of all the basaltic
volcanism occurred, is located in the centre of S province. The ultramafic-alkaline
Maimecha-Kotuy province occupies about 74,306 &md is located to the Northeast of the
SFB. It comprises the world’s largest ultramafikadihe Guli massif, the ultramafic-
alkaline-phoscorite Kugda complex, and 31 smalli@amnafic-alkaline intrusions.

A whole-rock U-Pb age of 250+9 Ma was determif@r the Guli massif, which lies
within the range of ages previously reported fa& 8FB. The combined Pb, Sr, and Nd
isotopic systematics of the SFB and the Guli andidéualkaline rocks identify several
discrete source components. The first componentmias many of the Guli rocks and is
characterized by low 87Sr/86Sr (0.7031 to 0.7038yh (Nd (+5.35 to +3.97), and
relatively non-radiogenic Pb (206Pb/204Pb = 17.881; 207Pb/204Pb = 15.38-15.46;
208Pb/204Pb = 37.33-37.70), which we associate thi¢hdepleted (or MORB source)
upper mantle. The second component dominating thier&a basalts and many of the
other SFB demonstrates a notable chemical andpigotmiformity with 87Sr/86Sr values
of 0.7046 to 0.7052,4 values of 0 to +2.5, and an average Pb isotopieposition of
206Pb/204Pb = 18.3, 207; Pb/204Pb = 15.5; 208PPf204 38.0). This component is
speculated to derive from a relatively primitivewker mantle plume with a near-chondritic
isotopic signature.The third mantle component attari&zing most of the Kugda massif and
some dykes is not as depleted as the Guli sountenbre depleted in respect to the Rb-Sr
system than the Putorana basalts.Contaminationpipgruand lower continental crustal
material, designated as components 4 and 5, isulptet to explain the isotopic
characteristics of some of the higher Si©cks of the Guli and Kugda massifs and the
SFB. Finally, metasomatic processes associated twéhinvasion of the Siberian super-
plume add a sixth component responsible for theeme enrichment in rare-earth and
related elements found in some Guli and Kugda rackksin the SFB.
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The influence of mineralogical and petrological com position on the
trace element content in the rocks associated with the 308 coal seam
(USCB)

Magdalena KOKOWSKA-PAWEOWSKA'

Institute of Applied Geology, Faculty of Mining aBeology, Silesian University of Technology, uladémicka
2, 44-100 Gliwice, Poland; magdalena.kokowskaipaska@polsl.pl

Concentration of trace elements (Ba, Cd, Co, @Qr,NG, Pb, Zn, Mn, Sr, Ge, Be, Li, V,
As, Ga) in rocks overlying, intercalating and urngieg the 308 coal seam were
investigated. The samples were collected in vdrtwa profiles.

The above mentioned rocks are represented by teenadéwith clay-siderite-carbonate
cement), claystones (kaolinite-illite) and sideritlaystone (kaolinite-chlorite-siderite).

The high content of Ba, V, Zn, Mn, Pb and Cu whseoved in all samples, regardless
of the petrographic composition of rocks. The contd these elements varies from tens to
above 100ppm. Cr, Ni, Ga, Ge, Be and As conterdaawver, and vary between a few to
over ten ppm. The concentration of Co, Cd, Sr,dries from one to a few ppm.

The highest concentration of trace elements waaddn argilites, where Ba, Pb, Zn,
Ge and Li dominate. The highest content of Mn, S, Co, Cd was found in sideritic
claystone sample. It suggests , that these eleragatsonnected with carbonate minerals.
In sandstone V, Cr, Ni, Ga, Ge are main trace eltsn®ut There the correlation between
amount of organic matter and the content of theetelements was not observed.

Cr, Ni, Ge, Be, Li, V and Ga are enriched in rookerlying the 308 coal seam, but are
very low in the underlying rocks.
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Very low-grade metamorphism in the Variscan accreti onary prism of
the Kaczawa Complex (Sudetes, SW Poland): new data  from illite
"crystallinity" index

Joanna KOSTYLEW!

Institute of Geological Sciences, University obdfaw, ul. Cybulskiego 30, 50-205 Wroctaw, Polaganail:
joanna.kostylew@ing.uni.wroc.pl

Mélanges of the Kaczawa Complex (Sudetes, SW Bplare widely understood to
have been gravitationally redeposited within anami@ trench. They were subsequently
subjected to deformation and metamorphism durimghéu evolution of the Variscan
accretionary prism. The metamorphic conditions eissed with this process are not well
understood. In order to quantify the temperaturddmns of the metamorphism, the illite
“crystallinity” index was determined for mélangeyrkidite, and various fine grained
metasediments.

Samples used in this investigation were collefiteoh the northern part of the Kaczawa
Complex. Sites included exposures along the Kankestneam between Rzeszéwek and
Jurczyce villages (Rzeszéwek-Jakuszowa Unit, Rdht),deep boreholes near Stanistawow
(Chetmiec Unit, CU).

In order to determine the chemical compositiothefwhite mica, 26 samples from both
natural outcrops (RJU) and drill cores (CU) weralgred with an electron microprobe
(EMPA, 179 analyses in total). Authigenic grainsntoonly formed the matrix of the rocks
and were less than gt in size. Elsewhere, they occurred as intergrowthlk chlorite
(chlorite-mica stacks), usually less then i@0in size. All the grains analysed were K-
micas containing minor amounts of paragonite (Na#a+K) less than 0.33) and
margarite (Ca/(Ca+Na+K) 0.00-0.02)..eMg and Mn content (kg + Mg + Mn ) ranged
from 0.18 to 1.31. The white micas from the turtddseries of RJU are chemically more
similar to muscovite, while phengite-like compositis characteristic for metamudstones
from CU.

The metamorphic conditions were established onbd®s of the illite “crystallinity”
index (IC) determined by X-ray diffraction (41 saegpanalysed in total). The average IC
value for RJU samples is 0.37 while CU samples lzavaverage value of 0.33. The dark-
coloured metamudstones from CU (including the ngdamnd the mélanges of Rzeszéwek
(RJU) have undergone very low-grade metamorphismoh{aone), at temperatures of 200-
300°C. Temperatures for parts of the turbidite sequémd¢kee Kamiennik stream (CU) may
have been even lower, and sediments are likelyate lundergone late diagenesis (150-
200°C).
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Two types of ultrapotassic magmatic rocks in the Bo hemian Massif —
coeval intrusions at different crustal levels

Jana KOTKOVA 2, Jaromir LEICHMANN 2, Urs SCHALTEGGER ?

! Czech Geological Survey, Klarov 3, Prague, jantkéea@geology.cz
2 Department of Geosciences, Masaryk Universitylétska 2, Brno, CR
3 Département de Minéralogie, Université de Gen8vatzerland

Ultrapotassic plutonic rocks form numerous bodiethe internal (Moldanubian) Zone
of the Bohemian Massif. They feature specific gewmoital composition and mineral
zoning, indicative of the complex genesis and enatuof the magmaU-Pb zircon dating
of these rocks commonly yields discordant agesirtieepretation of which is equivocal.

Two-pyroxene-biotite melasyenite of the Jihlavatéh, representing a less abundant
group of the ultrapotassic plutonic rocks, showess complex magmatic evolution, and
therefore it was selected for our study. The rockserves a dry primary mineral
assemblage orthopyroxene-clinopyroxene-K-feldspagipclasetquartz, and signs of
high-temperature crystallization (rutile needleKiufeldspar and orthopyroxene, exsolution
lamellae of Cpx in Opx). It contains predominandguant, rounded multi-facetted and
tabular zircon grains with well-developed crystatds, showing sector and oscillatory
zoning in CL. Three microfractions and one singfean analysis perfectly agree with each
other and yield a precise concordia age of 335(54 Ma (MSWD = 0.28). This age is
interpreted as dating high-temperature magma dligstigon in the lower crust.

A typical representative of the ultrapotassic rosdries from the fEbi Pluton,
pophyritic amphibole-biotite melagranite, consistsK-feldspar, plagioclase, quartz, and
abundant biotite and amphibole. Zircons are of tyaes: short to long prismatic crystals
and tabular grains. Crystal faces are usually defined and sharp. Zircons of both types
show oscillatory zoning and some inherited cordage Rnalysed prismatic and tabular
zircon microfractions and single grains are aligreddng a discordia intersecting the
concordia at 334.8 + 3.2 Ma (MSWD=0.14). Only omésmatic grain fraction shows
inheritance and an older age of 338.1 Ma.

One zircon yielded a strongly discordant point vaithupper intercept age of 2.2 Ga, which
represents an old inherited crustal component (itgtecores in CL).

Our data show that the two rock types of the plitassic (durbachite) series have
identical age, which is consistent with one magmatient forming potassic intrusions in
different areas in the Bohemian Massif. We sugtiestthe different character of the rocks
reflects different composition of the magmatic disii(low vs. high akD) and different
degree of fluid saturation. This can be explaingdiifferent depth of magma emplacement
(lower vs. upper crust), relatively high exhumatiate of the Jihlava Pluton, or much more
important interaction of magma with country rockghe case of thei€b& Pluton.
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Apatite-ellestadite solid solution and associated m inerals of

metacarbonate slags from burning coal dump in Rydut towy (Upper
Silesia)

EUKASZ KRUSZEWSKI*

! Institute of Geochemistry, Mineralogy and Petrgio@/arsaw University, AZwirki i Wigury 93, Warsaw;
e-mail: Ikruszewski@uw.edu.pl

Burning of coal-mining dumps causes thermal decaitipn of the waste rocks. Three
products of rock melting , namely paralavas (coitfieich nodules), metaargilites
(hematite-rich clinker-like annealed shales) andawerbonate slags, all mentioned i.e. by
SokoL et al. (2002), were found on a burning dump in @ynlvy (Upper Silesia). They
occur cemented together as blocks of pyrometamolptdccias. Sulfate silicate apatite-
(CaF) (rock 1) and phosphate ellestadite-(CaFy(%@,,S0,POy)sF (rock 2), closely
associated with Ca ferrites (srebrodolskitgFegOs and less common Caje, phase), and
spinel group mineral (Mn- and Al-bearing magnegiatie) were confirmed by XRD, SEM-
EDS and EPMA methods. The samples contain alsdzjweagonite, calcite, silicate glass,
anorthite (sometimes barian) and a K-Pb(Ba) s#icphase. Srebrodolskite (a=5.56,
b=14.77, c=5.43) and magnesioferrite (a=8.37)malmeters), are very close to standards
(PDF 01-071-2108 and 00-012-0261, respectively)DXfta for apatite-(CaF) of rock 1 is
consistent with chemical data. Increase of its palfameters (c=6.88, a= 9.42) when
“moving” to less phosphatian ellestadite-(CaF) (P@I045-0009) are explained by an
increase of “a” with decrease in phosphorus con{RaUuse & DuUNN, 1982). Similar
pattern is observed in F substituted apatites.|Rieaomposition products include lime
(and/or portlandite), (ferro)periclase and hemateaction between hematite and periclase
(at 850-1108C) gives magnesioferrite ¢®oL et al. 2002), while Ca ferrites can be
produced by hematite-lime or magnesioferrite-caliteractions (EIPPIDIS et al. 1996).
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The first geochronological and isotopic-geochemistr y data of the detrital
zircons from Ediacaran sandstones of Engane-Pe upli  ft (Western Polar
Urals): comparison of peri-gondwanan terrains and p re-uralides - timanides

Nikolay B. KUZNETSOV*
Geological Institute, Pygevsky per. 7, 119017 dvlesRussia, e-mail: kouznikbor@mail.ru

The Pre-Uralides-Timanides are Neoproterozoic g, located in the east and northeast frame
of Baltica (Kuznetsov et al., 2007). Pre-Uralid@sdnides are believed to be a relict of the Western
continuation of the Late-Neoproterozoic Cadomiaaidnian (Peri-Gondwanian) subduction belt,
which was formed along a margin of the Gondwananfinann et., 2007), or a relict of the Late-
Neoproterozoic Cadomian orogen, which was formed &esult of collision of Timanian-Uralian
margin of Baltica and Peri-Gondwana (Puchkov, 1997)

The U-Pb isotopic ages and features of the Ligsétbpic system of the 47 grains of detrital zircons
(ZR) from Ediacaran sandstones of the Engane-PéErgane-Pe uplift, Western Polar Urals) were
obtained at GEMOC Center, Australia (Natapov LBélpusova E.A.). The one ZR-grain showed the
Mezo-Proterozoic age (1143+20Ma). All others ZRagraubdivided into two populations “A” and
“B” (~65% and ~35% ZR, respectively). The “A"-ZRearepresented by grains of weekly-rounded
morphology and corroded fragments with ages ranbgtgreen 760-675 Ma. The “B"™-ZR are
represented by euhedral prismatic crystals or featgrof such crystals with ages ranging from 670 to
590 Ma. The model ages,J© (approximation of the minimum age for the souraerial of the
magma from which the ZR crystallized) of “A’-ZR ganfrom ~0.84 to ~1.76 Ga, and of “B"™-ZR is
~1.28 Ga, and of ZR143ma)is ~1.76 Ga.

The Toy of magmatic rocks and U-Pb ages of detrital ZRl@bproterozoic complexes of Peri-
Gondwanan terrains (Linnemann et., 2007; Murptgl.eP006) differ essentially from the obtained
Tow® and U-Pb ages of detrital ZR of Pre-Uralides-Tides
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Crystal structure and physical properties of a new platinum-group
mineral PaSavaite, Pd ;Pb,Te,
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Jakub PLASIL?, Jifi NAVRATIL®, Tomas PLECHACEK®
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3 Joint Laboratory of Solid State Chemistry, Univtgrsf Pardubice, Studentska 84, 532 10 Parduliizsch
Republic, jiri.navratii@upce.cz, tomas.plecha@elpce.cz

PaSavaite, R®b,Te,, is a new palladium mineral species discoverethatTalnakh
deposit, Taimyr Autonomous District, Russia. Itsw@bserved in two polished sections,
where it occurs as subhedral grains not exceedihgu? in diameter embedded into
polarite, and randomly accompanied by unknown PdBPbe phases and sperylite or
intergrown with Au-Ag phases. The mineral is nanmetionour of Dr. Jan PaSava, for his
role in long-term investigations of geochemistry Riitinum Group Elements, and his
significant contribution to research on PGE deposithe mineral and the mineral name
have been approved by the Commission on New Miselkddmenclature and Classification
of the IMA (CNMNC 2007-059).

PaSavaite could not be isolated for a thoroughaaherization due to its very small
grain-size. Therefore, the analogue was synthesiBeid synthetic PgPh,Te, phase was
used to determine physical properties, to mea®flectance, to collect powder data and to
resolve the crystal structure. The stoichiometncoants of respective elements were
loaded into silica glass tube and heated in furtaae®0°C for 5 months.

PaSavaite is orthorhombic, space gréupmn a 8.599(1),b 5.9381(6).c 6.3173(8) A,

V 322.6(1) Rand Z = 2. Its crystal structure can be descrimed layered structure formed
by face-shared [PdRFbe;] octahedra running parallel to (001). Two indepamtdpalladium
atoms are surrounded by four lead and two telluratoms showing distorted octahedral
coordination with tellurium atoms itrans positions with respect to one another. Two
independent lead atoms are coordinated by sixgiala atom in two different ways. The
crystal structure of paSavaite shows many strukcsimailarities to the structure of shandite
(NisPb,S,, R3m) and parkerite (NBi,S,, C2/m).

The structural identity of paSavaite and synthetaterial was confirmed by results of
the electron back-scattered diffraction (EBSD) gtuthe EBSD patterns (also known as
a Kikuchi bands) obtained from natural grains gasihtched the patterns generated from
structure data of BBb,Te, provided by our crystal structure solution.
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Two contrasting fluids controlling strong mobility of U, Zr and REE,

and their implication to the origin of the RoZzna U-  deposit
(Moldanubian Zone, Bohemian Massif)

Jaromir LEICHMANN?, Jana SUCHANKOVA?, Milan NOVAK®, Daniel HOLECZY?

! Department of Geological Sciences, Masaryk Unitsgr&otlarska 2, 611 37, Brno e.mail:
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The Rozna-OlISi uranium ore field is located in tloetheastern part of the Moldanubian
Zone of the Bohemian Massif. K-Ar ages of illitei synore alteration yielded 277.2 +
5.5 t0 264.0 + 4.3 Ma. (Hbek et al. 2008)

Three major textural types of uranium mineralizatwere recognized at the Rozna
deposit (1)Vein mineralization with uraninite > coffinite (zmontroseite) in carte
veins (2)Episyenite mineralization with disseminated coffinite , U-Zr silicates, Uding
hydrozircon and complex U-Zr-Ti -Si phases in deiied, albitized and hematitized
rocks, and (3)Zone mineralization with disseminated coffinite > uraninite > U-Zr-
silicates, and complex U-Zr-Ti -Si phases devetbipechloritized, pyritized, carbonatized
and graphite-enriched cataclasites.

Episyenitization affects mainly paragneisses andynmatites, whereas amphibolites,
pegmatites or granites are less affected. Epis®@ite macroscopically apparent by their
distinct rose to red color. In thin sections andEB&ages primary plagioclase is replaced
by albite, white mica and hematite, biotite or arfple by chlorite, and quartz is leached
out. The uranium ore minerals in episyenite mineasibn commonly replaced primary
minerals with F& - biotite, pyrite and pyrrhotite. This feature icates the presence of
oxidizing fluids transporting & ions, which were reduce at the contact with milsera
containing F& ions. On the contrary common collomorphic textuoésuraninite and
euhedral shape of coffinite crystals indicates ipitation in the open space. No
replacement of older minerals by late U-bearingspBawas observed. The ore minerals
from the vein mineralization are rich in vanadiumddead, whereas uranium ores from
episyenite are depleted in these elements, butlthated concentrations of Zr, La, Ce,Y,
Ti and F are typical. The episyenite mineralizatamd vein mineralization (carbonate
veins) at the Rozna deposit represent two distamzt easily recognizable types of ore
mineralization, distinct in textures, mineral asbtages and mineral chemistry. Two
different types of fluids were probably responsitdier the origin of these two
mineralizations. In contrast the zone of minerdiara is highly variable and it can be
hardly characterized in simple and unambiguous way.
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Clay minerals in different horizons of cambic soil made from

phonolite of Opolno-Zdroj area, Sudety Mts., SW Pol and

Wojciech LOBCZOWSKI*, Jerzy WEBER"

*Wroclaw University of Environmental and Life Sciesicinstitute of Soil Sciences and Environmentatd®tion,
ul. Grunwaldzka 53, 50-357 Wroctaw, Poland; w.lahegki@interia.pl; weber@ozi.ar.wroc.pl

Phonolites are an igneous volcanic rocks with ldiwascontent, indicating intermediate
composition between felsic and mafic. Build up efdspathoids (mainly nepheline) and
alkali feldspar (mainly sanidine). Phonolites aile&ea under-saturated, and rich in alkalis
and aluminium. Accessory phases include titanjtatige, corundum. zircon, magnetite and
ilmenite. Because the under-saturated lavas engptoe very rare those rocks are known
only from Canary Islands, Scotland, Brazil, SargjBritish East Africa, New Zeland, and
small occurrences in Cornwall, Bohemia, Auvergnberé are very few data connected
with the weathering processes of phonolites, egfigdinowledge on clay minerals derived
in temperate climate is very small.The aim of thaper was to determine clay minerals
developed during weathering processes of phonlolitated in Opolno-Zdroj area, Sudety
Mts, SW Poland. X-ray diffractograms of clay fractiseparated from different horizons of
cambic soil developed from phonolites will be preged and discussed at the poster.
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Chemical composition of columbite-group minerals fr om selected
pegmatites in the Géry Sowie Mts, Strzelin-Zulova A ND Hruby Jesenik
Massifs — preliminary data

Marek £ ODZINSKI*
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The paper presents results of electron micropréldies of columbite-group minerals
from pegmatites in the Sudety Mts of different aerigSamples have been collected from
metamorphosed pegmatites in the Owiesno-Kietliaea giGoéry Sowie gneissic block),
magmatic, hydrothermally altered pegmatites in $tezelin quarry (the Strzelin-Zulova
granitoid massif) and from highly fractionated, amabrphosed pegmatites in Branna,
Velke Losiny and Petrov upon Desna (the Hruby J&semetamorphosed massif).
Chemical analyses of samples were made using a GMEX-100 microprobe in the
Inter-Institution Laboratory for Microanalysis ofierals and Synthetic Substances at the
Faculty of Geology, Warsaw University.

Minerals of the columbite-group in Géry Sowie Miere found in metamorphosed
pegmatites, which mainly consist of plagioclaseartg) muscovite, accessory tourmaline,
beryl and kyanite. Idiomorphic crystals of Nb-Taides reach up to 10Qm in size.
Ferrocolumbite from Kietlice shows low Ta/(Ta+Niaio varying between 0.007-0.131,
and almost constant Mn/(Mn+Fe) ratio varying in taege from 0.351 to 0.410.

(Nb,Ta)-bearing pegmatites in the Strzelin-Zulovassif form veins intersecting host
granitoids. The veins are composed of plagioclesie|dspar, quartz, muscovite, accessory
chlorite, beryl and pyrite. Columbite forms idiorpbic crystals up to 5Qm in length. The
approximate ferrocolumbite formula from the Straejuarry is: (F&es.0.68MNo.29-0.38MJo.00-
0.00)(ND1.66-1.89 30.14-0.3F10.01-0.0M0.01.0.03206. Similarly, both Ta/(Ta+Nb) ratio as well as
the Mn/(Mn+Fe) ratio varying in very narrow randesm 0.069 to 0.164 and from 0.299
to 0.314, respectively.

Minerals of the columbite group in the Hruby Jékemassif occur in pegmatites
composed mostly of plagioclase, albite, quartztiteipchlorites, ilmenite and pyrite. The
(Nb,Ta)-oxides form idiomorphic crystals up to femillimeters with distinct variation in
chemical composition from the core to the rim. Thegresent ferrocolumbite (58.9.75
Mng.10-0.3MJ0.05-0.10 (NP1 09-1.617 80.32-0.83 10.07-0.18V0.00-0.0920s, ferrotantalite (Fges.0.7MnNo 1s-
0.30M70.02-0.19(T@1.11-1.38ND0 60-0.88 10.03-0.08M0.01-00320s and manganocolumbite (Mgs.0.71

FQ).ZB—O.SMQO.OO—O.O:D(Nb1.29—l.55TaO.42—0.6§ri0.04—0.Oé/V0.OO—O.OZDZOG-
Chemical composition of the columbites studiedidatks that some pegmatites of

Hruby Jesenik massif, for example that from Brarstew high degree of their Mn-Fe and
Ta-Nb fractionation, while pegmatites from Kietliae the Géry Sowie block and from
Strzelin are poorly evolved. Two fractionation wencan be observed in Branna: | —
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connected with an increase of Fe and Nb activity; With an increase of Mn and Nb
content.
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(Nb-Ta)-oxide minerals from pegmatites of the Owies  no-Kietlice area
in the Sowie Mts block, Southwestern Poland
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The aim of our study was to determine chemical awsitipn of Nb-Ta oxides in
selected pegmatite locations in the Sowie Mts hloekognized in field outcrops in the
Owiesno-Kietlice area. The Nb-Ta minerals studiedobg to the columbite and the
pyrochlore groups. They occur in veins, nests andds within metamorphosed pegmatites
in association with common rock-forming mineralkeliquartz, plagioclase, muscovite,
almandine, tourmaline, beryl, kyanite and andadusit

Pegmatite samples have been observed in thiroesdti both transmitted and reflected
light. Chemical composition of (Nb,Ta)-phases watedmined using a CAMECA SX-100
electron microprobe in the Inter-Institution Labtorg for Microanalysis of Minerals and
Synthetic Substances at the Faculty of Geology,s@latUniversity.

Euhedral, prismatic crystals of ferrocolumbiteadieing up to 10Qum in diameter,
sometimes show distinct, oscillatory zoning and @eoded. The ferrocolumbite formula
is: (Fe.56.0.6MN0.34-0.33M90.00-0.09 (ND1.73.1.99 @.01-0.26 10.01-0.08V0.01-0.09206- A typical feature
is extremely low value of the Ta/(Ta+Nb) ratio viagy between 0.007 and 0.131, but
typically increasing from the core to the rim of@in. No distinct changes in Mn/(Mn+Fe)
ratio varying between 0.351 and 0.410 are observed.

In one pegmatite sample, 10n large, euhedral, isometric crystal of pyrochlbies
been found. This pyrochlore has formula (€& 41Jo3Pb.18-0.28€.01-0.0MN0.01-0.09 (T 67-
1.60110.04-0.08ND0 28.0.2906(O, OH, F)s.014 and can be classified as uranoplumbomicrolite.
However, analytical totals distinctly lower thanO0lL@vt% suggest that it probably is
metamict and hydrated. This uranoplumbomicrolitehis first occurrence of microlite in
Poland. Chemical composition of both the microbited the ferrocolumbite suggest that
studied (Nb,Ta)-pegmatites in the Owiesno-Kiethcea represent poorly evolved primitive
LCT-pegmatites.
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Textural and mineralogical evidence of the ocean fl  oor metamorphism
in the top part of the Sleza ophiolite (SW Poland)

Alfred MAJEROWICZ!

! University of Wroctaw, Institute of Geological &utes, Department of Mineralogy and Petrology, ul.
Cybulskiego 30, 50-205 Wroctaw, Poland

The Sleza complex situated in Lower Silesia represents ohdhe largest, most
complete and extensively studied ophiolite in tharistan Belt of Europe. Metabasalts,
metadiabases and metagabbros in the eastern fhet$9éza ophiolite occur in the form of
lava covers, dykes, top parts of multiphase intmisiand, possibly, as top parts of magma
chambers and deeper parts of the gabbro memberadted dykes. A multiphase ascent of
the tholeiitic magma and possible assimilation aflier cooled and crystallized magma
batches, at various depths, resulted in a greaurexdiversity of these rocks. Among
aphanitic-textured rocks there are blastoporpltyrnd blastoglomeroporphyritic types,
while ophitic, subophitic, diabasic and interset&dtures occur within medium or coarse-
grained gabbros. These features correspond tortled &ssemblage” described in detail in
the Norwegian ophiolites.

Petrographic studies and electron microprobe deétations prove that these rocks
were variably altered due to the hydrothermal, ncflaor metamorphism, which is
common in the upper parts of ophiolites, and dbsdriby many authors. During the
processes of ocean floor spreading, marine watsrstpated the cooling, fractured rocks of
the Sleza ophiolite and induced metamorphic transformatiahsvarious temperatures.
Several modifications of hornblende formed fromgxgnes in the temperature interval of
750-550°C, being further changed into the actirdlibrnblende and into amphiboles of the
actinolite group below 450°C. Further cooling bel8@0°C resulted in the formation of
chlorite and epidote-group minerals. The primargibalagioclase changed composition
into more acid, even reaching albite.

The alteration processes discussed spanned thge rah the lower part of the
amphibolite facies and the greenstone facies. Minassemblages formed at different
conditions coexist in these rocks in the form oégular, chaotic mosaics, and point to the
lack of the facies equilibrium, the fact observaathbin small samples and standard thin
sections.

Relatively deep oceanic water penetration has loeefirmed by isotope studies. The
influence of oceanic water has also been indicdtedhydrogen and oxygen isotopic
compositions in rodingites within the lowermostyaimafic member of théleza ophiolite.

108



«Oenre,
MINERALOGIA - SPECIAL PAPERS, 32, 2008 5{} 75N
www.Mineralogia.pl 9] %
; <
MINERALOGICAL SOCIETY OF POLAND ;//l/ .\?
5 '“"o\o
POLSKIE TOWARZYSTWO MINERALOGICZNE ALO

Tourmalines from the contact aureole of the Karkono sze granite (the
case of R edziny, Lower Silesia, SW Poland)

Jarostaw MAJKA!, Adam PIECZKA?, Bozena GOLEBIOWSKA?
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Within dark-tingled andalusite-bearing hornfeldasthe Rdziny quarry, numerous
zoned crystals of tourmaline have been found. Thasmalines show up to seven growth
stages. The core (43-50% Sch, 42-48% Drv, 8-5%=@)ves toward varieties with lower
amount of Al as a result of the [Na(Fe,Mg@)Kl) .; substitution. Similar tends are visible in
the zone Il (47-52% Sch, 43-49% Drv, 2-4% Ol). e zones Il (52-45% Sch, 48-55%
Drv) and IV (41-47%Sch, 59-53% Drv, 2-0% Ol) toutima is still more Al-depleted and
Mg-enriched. A tendency of Mg-contamination reachemaximum during crystallization
of the zone V (40% Sch, 56-60% Drv, 0-4% Ol). Dgrthe stages IlI-1V, the substitution
at the X site is independent from the Mg(Fsubstitution at the Y site, and can be ascribed
as Cal(2Na); replacement. Simultaneous increase of Na and Ahénzone V suggests
limited NaAl(CaMg), substitution. In contrast to internal zones | tp tdurmaline VI
shows maximum content of Al (25-35% Sch, 41-48%,2&-21% Ol) with a tendency of
the Fe(MgAl), substitution, whereas tourmaline VII (34-38% S&#;51% Drv, 18-11 %
Ol) the (Mg,Fe)Al, substitution. Both varieties are highly depletédSo (~5.8 apfu) and
distinctly of F (from 0.14 to 0.05-0.07 apfu). metFe-Al-Mg diagram, the tourmalines |-V
form well separated subsets within the field asaifor tourmalines from metapelites and
metapsamites not coexisting with Al-saturating ghéds contrast, the two outermost zones
form subsets within the field ascribed for tourmaliassociated with metapelites and
metapsamites coexisting with Al-saturating phasetit® coexisting with the tourmaline
crystals sometimes slightly replaces their mostomtmes. Its formation temperatuca.
669°C estimated on the basis of Ti content cormdpo possible peak of the contact
metamorphism. It seems that zones |-V formed priybdiring regional metamorphic
event. The zones VI and VII have been grown dueiady stage of contact metamorphism,
probably before or contemporary with biotite crilstation. This metamorphic event is
related to intrusion of the Karkonosze granite.

Acknowledgement: These investigations were spausdry AGH-UST, grant no
11.11.140.158.

109



«Oenre,
MINERALOGIA - SPECIAL PAPERS, 32, 2008 59 75N
www.Mineralogia.pl 9] %
; <
MINERALOGICAL SOCIETY OF POLAND ;//l/ ,@
5 '“"o\o
POLSKIE TOWARZYSTWO MINERALOGICZNE ALO

Stable isotope and fluid inclusion study of polymet allic mineralization
in Jihlava Ore District (Czech Republic)

Karel MALY?, Petr DOBES?, Bohuslav FOJT®

Muzeum Vysiiny Jihlava, Masarykovo nam. 55, 586 01 JihlavaedbzRepublic, maly@muzeum.ji.cz
Czech Geological Survey, Klarov 3, 118 21 PrahadBzRepublic, petr.dobes@geology.cz
JInstitute of Geological Science, Masaryk Univerditgtlarska 2, 611 37 Brno, Czech Republic, fojt@sci.mani.c

In the Jihlava Ore District (Czech Republic, Maidhicum) silver ores were exploited
from the 13" century up to the #Bcentury. Ores form veins, mostly in N-S strike, top
several kilometers long and up to a few metersthic

Two main types of polymetallic mineralization wedéstinguished based on their
mineralogy and sulfur, carbon and oxygen isotopalyses: 1) High temperature
mineralization (370-410°C according sulfur isotdhermometry) shows the source sulfur
values between +3 and +5 %. CDT; sulfur was deriveth metamorphic or granitic rocks
of the Moldanubicum. Th&'0 values of carbonates are relatively high (cateald™Oy,q
up to +13 %0 SMOW); thé™*C values are low (calculate®t®Cy,q about -10 % PDB),
indicating the presence of organic carbon in thérbthermal process. The mineralization
is composed of sphalerite, galena, pyrite, arseni@pychalcopyrite, pyrrhotite and
tetrahedrite-freibergite. The most common gangueenais are represented by quartz and
carbonates of Fe-Mg-Mn type (kutnohorite, Mn-sitierdolomite-ankerite).

2) Mesothermal mineralization (230-340°C accordiagsulfur isotope thermometry)
shows the source sulfur values between -3 and +3D&; the source of sulfur can be the
surrounding rocks, too. Calculat&f0y,4 values range from +4 to +6 % SMOW for the
main stage of mineralization. Calculatef®Cy,q values are about -7 %o PDB; it
corresponds to homogenized carbon of the Eartii'st.c6phalerite and galena are common
in this type of mineralization; chalcopyrite, tdtealrite, argentite, pyrargyrite are minor or
accessory. Gangue minerals are formed by quartite pdolomite-ankerite and calcite.

Primary and pseudosecondary aqueous inclusions fwand in quartz, sphalerite and
calcite of the second type of mineralization. Thignary inclusions in quartz have mostly
consistent liquid to vapor ratio (LVR=L/L+V) betwee0,8 and 0,9, the values of
homogenization temperatures (Th) ranged from 1322%°C, temperatures of melting of
the last ice crystal (Tm) were measured betweed add -2,4°C, corresponding to the
salinity of aqueous solution from 0,4 to 4,0 wt. N&CIl equiv. The pseudosecondary
inclusions in sphalerite revealed consistent LV %, Th between 156 and 173, and the
higher salinity, from 8,1 to 11,0 wt. % NaCl equi¥m = -5,2 to -7,4C).

The primary inclusions in calcite have variableR that was probably caused by long-
termed maturation of the inclusions under relayivelv temperature conditions (Bodnar et
al. 1985). Homogenization temperatures were notsored; the salinity did not reach 1 wt
% NaCl equiv. (Tm = -0,3 to -0,C).
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A U-(Nb,Ta,Ti) oxide mineral from Podgo6rzyn —a pre  liminary report
Witold MATYSZCZAK"

Institute of Geochemistry, Mineralogy and PetrgioBaculty of Geology, Warsaw University, Zivirki i
Wigury 93, 02-089 Warszawa, Poland, e-mail: witolatyszczak@gmail.com

Pegmatites in the granitoid Karkonosze massif aranconly occurring rocks. Though
it is estimatedthat most of them were removed togetvith the metamorphic cover and
apical part of pluton by erosion, there are stilintnon small sockets, veins or lenses of the
pegmatites. Their bigger concentrations, formerpl@ited for the ceramic industry, are
situated near Jelenia Géra, SzklarskagPayrand in Rudawy Janowickie Mts.

Research on pegmatites occurring near the Poglydmvn, situated 5 km south of
Jelenia Gora , in one of pegmatite bodies revetledpresence of a mineral, which in its
chemical composition corresponds to liandratité°lh,0s). The pegmatite in which it
occurs forms a socket of a few meters in size iplpygritic granite. The pegmatite mostly
consists of quartz, K-feldspar, plagioclases, tdotind numerous accessory minerals:
zircon, ilmenite, titanite, REE phosphates and NbeXide minerals.

The mineral found forms a porous grain of irreguidhape and dimensiaza 60 um
(measured along the diagonal) and apparently replacpart plumbopyrochlore. Chemical
analysis made with an electron microprobe, beside gresence of U, Nb, Ta and Ti,
showed also the presence of significant amount8i ¢R.7-3.5 wt.% BjOs), Pb (1.5-1.7
wt.% PbO), as well as Si (1.7-1.9 wt.% %iCGand P (0.40-0.45 wt.% ,©s). After
calculations of the analysis, it turned out that thtal cation content in the A-site is 1.45-
1.48 apfu, which distinctly exceeds the theoretic@0. However in terms of the present
knowledge on that mineral it should be treated @sect. On the other hand, the B-site
cation population of about 1.8 apfu is relativatyvlcompared to the theoretical 2.0 apfu,
particularly that in the B position was also siechi (0.17-0.19 apfu) and Ba(0,04 apfu).
The presence and a potential role of the two lakements in that mineral structure is by
far not explained. It is possible that part of Siricorporated into the mineral structure and
the rest of it is linked to metamictic domains,itasias found in case of pyrochlore. It is
suggested that P can substitute for Nb in pyroelsloso probably such a substition takes
also place in that case.

Podgoérzyn near Jelenia Géra is the first knownuoence of liandratite in the
Karkonosze massif. Further research is neceseatgtermine a role of Si and P in the
structure of this mineral.
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Genetic history of britholite from the Azov Zr-REE deposit (Ukraine)
Volodymir MELNIKOV*

nstitute of Geochemistry, Mineralogy and Ore Fotimra, National Academy of Sciences of UkraineyKie

The Azov zirconium/rare-earths deposit is locatéthiw the laminated stock of quarz
syenites (Melnikov et al., 2000a). The ore-beaspgnites should be considered as a final
differentiate of a magmatic melt of subcrustal genéMelnikov et al., 2000b). The genesis
of the Azov deposit includes formation of a residsyenitic melt enriched in Zr, REE, F,
CO, and HO. The high fluorine concentration enabled gemmgatonvective streams in
the silica melt. The formation of the ore layerglige to the crystal accumulation. Zircon
and britholite precipitation was synchronous at T81-950°C (Melnikov et al., 2000a).
Thus, the main ore minerals are products of magneayistallization. After consolidation
of rocks, britholite underwent drastic modificatiohits structure during slow cooling, in
a result of which a new mineral was formed. Thea)}-study and electron microprobe
analysis have established that the britholite egts a mixture of several phases: primary
Ce-britholite, bastnasite, monazite as REE mineratsl secondary Y-britholite, quartz,
fluorite as newly-formed minerals. SEM showed naystalline sizes of bastnasite and
monazite. The most part of primary britholite exigt a metamict (amorphous) state. The
lanthanides content in Ce-britholite is equal t65386 and that of yttrium to 2.5-3.5%
Y,03. The phosphorous content varies from 2 to 16@PThe best inverse correlation of
P,Os and SiQ contents agrees with the substitution accordinthéoequation REE+Sk
Ca+P (Melnikov et al., 2007). It is important th@atmary britholite contains up to 1.2%
ThO, and 0.15% U@ (Melnikov et al., 2007). Two factors affected tf@mation of
britholite pseudomorphs: radioactive emanationhofitm and C@bearing fluid. During
methasomatic replacement redistribution of lantthegiand yttrium took place. Sometimes
a content of yttrium in secondary britholite ingsed up to 28% XD;. A monazite phase
concentrated light REE and thorium (up to 5-7 wil#0,) but preserved its crystalline
state. Taking into account a content of pseudongmrpim equation for a replacement
reaction can be written as following: TR a.,{Siz.PO1]F + {(3-2X)CO* + 2(1-x)F} =
(3-2x) TRCQF + xTRPQ + {(2+x)C&* + (3-x)Si"'} (fluid contents is in braces). It can be
seen from this equation that the carbon dioxideffhe-water fluid is necessary for
a transformation of britholite into bastnasite.
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A preliminary study of hydrothermal tourmaline from Lubietova
deposit (Slovak Republic)

Jana MICHNOVA!, Daniel OZDiN*
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Lubietova is situated ~10 km eastern from Bansk&rBwgsin central part of Slovak
Republic. Cubietova is one of most famous copper deposit inofl Exploitation of
copper ores lasted from the Bronze age to the d®&tkury. The Podlipa hydrothermal Cu-
sulphidic deposit occurs in Permian greywacke arkbse rocks. Primary sulphidic
mineralization in the Podlipa deposit is mineratadly very poor and composed of
chalcopyrite, tetrahedrite and pyrite disseminaitedhin quartz veinlets or surrouding
rocks. Native copper and oxides of copper are rarghe Podlipa deposit the mineral
succession is as follows: Fe-carbonateAlpine paragenesis> Cu-Fe-sulphides» Cu-
oxides— secondary minerals. Minerals of Alpine stagesdraracteristic of thin quartz
vein with dominating tourmaline and albite. Lessdginently there occur chlorite,
muscovite, hematite and accessory rutile, titamtenazite-(Ce), xenotime-(Y), zircon and
apatite.

The tourmaline studied forms black prismatic aistgrouped into radial aggregates.
The tourmaline with quartz often forms comby tegtur Chemical composition of this
tourmaline suggests the predominant schorl comgadnehe crystals. The Mg-rich schorl
is almost chemical homogenous and its average allystiemical formula is (9):
(N30.70C30.0530.291.00(Fez+1.51M91.14A|0.24Ti0.07Do.03)3.00

(AI 5.95N| gO.OQG.O({BOS)S(SiS.QZ’AI 0.0?)6018((OH)3.91, F0.09)4.00
Two-phase fluid inclusions in the black schorl arery small (up to 5 pm) and

composed of a water solution and a vapour phadeavitrage salinity 10.2 wt.% NaCl eq.
(range: 3.4 to 14.4 wt.% NaCl eq.). Average homaggion temperatures of inclusions is
183.6°C (range: 122.3 to 226.9°C) and their averiagemelting temperature is —6.6°C
(range: -2 to -10.5°C).

We also studied white quartz associated with dclrduid inclusions in quartz up to
5 um, are two-phase inclusions composed of watlitiso and liquid CQ. Salinity of
water solution is ~4.4 wt.% NaCl eq. and variesrfrd.7 to 6.8 wt.% NaCl eq. In quartz
there were also found fluid inclusions composeadvafer solution and vapour phase with
average salinity 18.66 wt.% NaCl eq.
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Mineralogy of sulphides in mafic rocks of the Suwat ki Anorthosite
Massif, NE Poland

Krzysztof NEJBERT!

* Warsaw University, Institute of Geochemistry, Minegy and Petrology, alZwirki i Wigury 93, 02-089
Warszawa; Poland; knejbert@uw.edu.pl

The Suwalki Anorthosite Massif (SAM) is located time Precambrian basement of
north-east Poland and comprises mafic rocks, rgnfyjom anorthosite, through norite and
gabbronorite, to ilmenite-magnetite rocks. Sulphkidenstitute common accessory group of
minerals in these rocks, although their content nhagally reach 3 vol. %. This
presentation summarises all existing data relateuifphide mineralization in the SAM and
shows results of new EPMA and XRD study.

Up to now, in mafic rocks of the SAM, pyrrhotitpentlandite, Co-pentlandite,
chalcopyrite, cubanite, mooihoekite, haycockita)ndieite, millerite, violarite, pyrite,
marcasite, mackinavite, galena sphalerite, bornftalcocite, hessite, and clausthalite were
recognised. Traces of Au-Ag, and PGM were also ro=mb (e.g. mernskyite, electrum,
stutzite, altaite, empressite, sopcheite, and gp#ite) Sulphides occur as droplet-like
inclusions in magnetite, ilmenite, plagioclase angdhopyroxene, as well as irregular blebs
between rock forming minerals (<0.5 cm in size)e TBulphide blebs are overgrown by
Mg-Al spinel rims that unequivocally show that thesulphides are related to magmatic
stage. Some sulphides occur as thin veins andfegular concentrations revealing
replacement textures. These document later hydmotde events connected with
development of pegmatite, micro-granite and quagtns.

Mineralogical study reveals complex exsolution agplacement textures that document
postmagmatic evolution of sulphides. The sulphiddd®€and common droplet-like sulphide
inclusions were originated probably due to liquatmf sulphide melt which crystallized
below 1106C. Sulphide assemblages present in the SAM rocks imterpreted as
developed during complex exsolution and recryztiion processes of the monosulphide
solid solution (hs$ and intermediate solid solutiors$), with the chemical composition
close to Ni-pyrrhotite and chalcopyrite, respedtiverhe evolution of sulphides during
cooling of the SAM can be described as follows: stajfization of mss (<1196C),
crystallization of iss (960-906C), growth of coarse-grained pentlandite (<850
transformations of iss into chalcopyrite stabldow temperature (600-220), exsolution
of flame-like Co-pentlandite (up to 13.4 wt. % Gaithin pyrrhotite (<254C), origin of
cubanite-chalcopyrite intergrowths {200-20), growth of haycockite and mooihoekite
(<160°C).
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Effects of structural radiation damage on cathodo- and photo-

luminescence Emissions of minerals
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3 Institut fir Mineralogie, TU Bergakademie FreibeRyennhausgasse 14, D-55099 Freiberg/Sa., Germany.

4 Laboratoire des Mécanismes et Transferts en Gémlbiniversité Paul Sabatier, UMR 5563 CNRS, 31400
Toulouse, France.

® Physico Chimie des Matériaux Luminescents, Unitée@aude Bernard Lyon 1, UMR 5620 CNRS, 69622
Villeurbanne, France.

The decay of radio-nuclei may cause severe straictiamage in minerals and other
solids. This is in particular the case for alphaajeevents. Both the daughter nucleus
(which is recoiled upon emission oflde’* particle) and the alpha particle undergo elastic
collisions with atoms in the material, resultingatomic displacements. We have studied
how structural effects can be probed using emisbamds in cathodoluminescence (CL)
and photoluminescence (PL) spectra.

In general, radiation damage results in changeth®fcrystal field around optically

active centres. Low levels of radiation damagetlageefore characterized by broadening of
emission bands, indicating an initial disturbantehe short-range order. We have found
that the Nd" emission band at 872 nifFg,— “lo), transition) in the PL spectra of monazite
from Moss, Norway, had a FWHM (full width at halatd-maximum) of 4.9 nm, whereas
after annealing the monazite had a FWHM of 2.9 Rar.the same sample FWHMs of 4.6
nm (damaged) and 2.7 nm (annealed) were deternfimetie Sni* emission band at 608
nm (‘Gs),— °Hyy, transition). Similar irradiation-induced band bdeaing was observed in
PL and CL spectra of other moderately damaged nitenaircon, and fergusonite samples.
Observations suggest that, after proper calibratiddths of emissions might be used as
a simple means to estimatesitu the degree of radiation damage.
At elevated damage levels, the fine structure adupgs of emission bands may be
completely lost, which is then mostly accompanigdabsignificant drop of the emission
intensity. In contrast, radiation damage (for inst& in a-quartz) may also create new
luminescence centres and, thus, increase the emisgensity.
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Agates and geodes from the Khur Area, Central Iran
Maziar NAZARI *
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Intensive volcanism during Eocene of the CentrahIcaused the eruption of a huge
volume of lavas and associated tuffs, which arerinediate to acid in composition. This is
volcanism shows a continental margin volcanism,cWhs related to the subduction of the
Neo-Tethys oceanic crust beneath the continentalrorplate of Central Iran. This long-
term volcanism created one of important structarambers of Iran Plateau with the NW-
SE trend that is called the Urmia-Dokhtar volcamédt. This volcanic belt hosts many of
ore deposits and metallogenic provinces, as welljase fields of Iran.

The Khur agate field is the most famous occurresfcagate and geodes nodules along
through this volcanic belt that is located at ie tsouthern border of the Great Kavir,
Central Iran. The agate and geodes formed parttheéngas vesicles of the andesitic lava
flows within a thick tuffaceous volcanic sequencehe relation between locally
hydrothermal bentonitization of tuffs observed ilages and agates that forming in the
vicinity of lava flows supports a probable hydrathaly genetic model for the latter.

The presence of goethite, calcite, aragonite, fitep hematite, siderite and celestite as
a low temperature assemblage, which find founddeeshalcedony and quartz in nodules
confirms approved the theory that silica was firstnoved from the andesites by low
temperature hydrothermal solutions and then - aftegration - reprecipitated as
chalcedony and quartz in the vesicles of the lalta®ems that hydrothermal formation of
bentonite in andesitic tuffs, which took place ated during a long-term volcanism, could
be considered as a probable mechanism for providiimgy out sufficient amounts enough
of SiO, for agate- and geode-forming processes.
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Microscopic and physico-chemical characterization o f romanite
from Colti, Buzau

Antonela NEACSU*, Gheorghe POPESCU*

University of Bucharest, Romania, Department afévalogy; antonela@geo.edu.ro, ghpop@geo.edu.ro

Amber became one of the most adequate substancekefanterdisciplinary studies.
For Romanian researchers, the main aim will bdaudfg the geological origin of romanite
and to establish if it represents an amber spewiasis only one of the many european
amber varities. The role of optical microscopy e tstudy of fossil resins is of prime
importance. Apart from efficiency and commaoditypffers a precision grade comparable
only with the chemical analyses, and at the same fit allows detailed mineralogical
investigations of the resins and of the host-radicroscopic analysis may reveal, on
a small scale, the genesis of an amber deposiRdmania, a beautifull amber was
exploited from the 19th century near Colti (BuZaaunty), on the Sibiciu Valley. The
resin-bearing strata belong to the Oligocene in EHastern Carpathian flysch. Having
become a symbol of our country, the crud, browndigtd amber namedomanite or
rumanite was exposed at the Universal Exposition in PatB67. The systematical
exploitation began in 1920, and between 1923 arb 18ore than 300 kg were extracted.
By 1935 the exploration ceased. Between 1981 al® 1®e Ministry of Mines and Oil
organized a systematical exploitation, but theamtad material was lost or became part of
private collections (Ciobanu, Dicu 2005). Today ambf the Colti area is not for sale
commercially. Diagenetic processes played a sitanifi role in the creation of romanite.
One of the most important consequences is the ampea of an internal organization
tendency (Neacsu, 2006), proved by its weak amipgtand the second one is represented
by remineralizations in romanite (substitution @f@nic matter by anhydrite, albite and
feldspar). In other situation, the organic tissuasweplaced by resin. Two different
romanite types exist: an older one, with distindsdres, impregnated with organic
material, and a recent one, lighter, which bordbes previous one and penetrates its
fissures. We highlight the anisotropy tendency arhanite, especially in the presence of
organic material. The microscopic study seems taverthe crystallization tendency of
romanite, raising thus the possibility of using a§rdiffraction as a diagnostic method for
romanite.

Acknowledgement: This study has been supportechbyRomanian Ministry of Education and
Research under Research Contract 91-019/2007, NaGeméér for Programs Management.
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Geochemistry and Nd isotopic signatures of metabasi tes from the
Staré Mésto Belt, the West Sudetes
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In the Staré Msto Belt (SMB), metabasites appear in a bimoddkesassociated with
felsic metavolcanic rocks and as small lenses qfhdioolites in mica schists. Metabasites
also occur within mica schists in the Javornik am@nsidered to be a part of the SMB
displaced along the Sudetic Marginal Fault towa¥i8 (Don et al. 2003). The SMB has
been interpreted as a Cambrian-Ordovician contienift sequence (e.g. Stipska et al.
2001; Don et al. 2003) embracing ocean floor bas@pletal et al. 1990) or E- to N-
MORB and rarely low-Ti tholeiites (Floyd et al. 1892000). Our geochemical results
suggest that low-Ti tholeiites dominate in the SEHRI they also occur in the Javornik area.

The tholeiites display low-Ti contents and faifligt undifferentiated REE patterns. The
low REE and HFSE contents in the tholeiites, sindlalower than those in N-MORB, and
high Zr/Nb ratios and low Ti/V and Zr/Y values imgptheir derivation from a mantle
source depleted more than that of N-MORB. The Nbraaly, enrichment in Th and
LREE, and high La/Nb ratios suggest mantle meltstamminated by continental crust in
a magmatic arc setting. Floyd et al. (2000) consile Sudetic low-Ti tholeiites as being
derived from a lithospheric source contaminated ®gdiment component in a continental
rift setting.

In the SMB, the MORB-like tholeiites are distingnéd from the low-Ti tholeiites by
clearly higher Ti abundances, higher trace elensmt REE contents, and the lack of
negative Nb anomaly. They are characterized by Zof¥, Ti/V and Ti/Y values, fairly
flat, nearly undifferentiated REE patterns and tglig positive slope patterns on the
spidergrams. These traits atddso0) 6.3-9.6 suggest similarity to MORB-type basaltse T
trace element contents and the/¥by and Zr/Nb proportions indicate that the metabasite
might originate from a variably enriched MORB-typentle source transitional between
N-MORB and E-MORB.

The low-Ti tholeiites from the SMB and the Javérairea are geochemically similar
and have rather uniform mantle isotopic signaitMeseo) 5.2-7.2, which confirms the
notion that the Javornik domain is a continuatidnthe SMB. On the other hand, the
MORB:-like tholeiites from the SMB are affined withe Stronie Group tholeiites and all
are akin to the E-MORB-type basalts with little €tal contamination. The associated felsic
metavolcanic rocks aea 500 Ma old.

The similarities in both geochemical features artcusion ages of the bimodal suite
rocks in the eastern Orlicgnieznik Dome and in the Staré d¢to-Javornik Belt allow to
conclude that they all represent an extensive m#igrsaquence developed in the same
Cambrian continental rift-related system which @ioly evolved to a back arc setting. The
latter suggestion still needs more support.
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Mineralogy and genetical study of hydrothermal side rite-quartz-
sulphidic veins in Jed Fové Kosto Fany, the Tribe € Mts (Slovak
Republic)

Daniel OZDIN*

Department of Mineralogy and Petrology, FacultyNaftural Sciences, Comenius University, Mlynskandoli
84215 Bratislava, Slovak Republic; ozdin@fns.arsk

A small occurrence of ore veins occurs neat’deél Kostdany village, ~37 km NE of
Nitra in the western part of Slovakia. The veingevdiscovered in the late 18th century
and there were attempts to mine them in the 19thucg The hydrothermal veins in
question occur in mylonitized Palaeozoic metamarptocks of the Veporic Unit.
According to Polak (1957), the veins form a fewsles of WSW-ENE to W-E direction and
dip 60° toward S-SE. The sizes of lenses are BDtm and their thicknesses up to 2.1 m.
More characteristic are brecciated ore textures.

Predominant minerals are siderite, ankerite, ddi®ngjuartz, chalcopyrite and apatite-
(CaF) which is typical mineral of this locality. & common minerals are tourmaline
(schorl and dravite), hydrothermal muscovite, hémdvar. specularite), cassiterite, rutile,
zircon, xenotime-(Y), monazite-(Ce), cobaltite, ipgr arsenopyrite, gersdorffite,
tetrahedrite, galena, bismuth, cuprobismuthite d@mmuthinite derivates. In Jialvé
Kostd’any the mineral succession is following: Fe-carl®nra Alpine paragenesis-
quartz-sulphides. There are few substages withi duartz-sulphidic stage: Ni-Co
sulphidic — quartz— Fe-Cu sulphidsic» Bi sulphosalts. The hypergene zone is less
evolved and represented by goethite, malachitegjtazand erythrite.

According to detail mineralogical study and resbaod ore textures, hydrothermal
monazite-(Ce) forms one generation. On the basideatron microprobe dating the age of
this monazite was estimated at 83 + 9 Ma (Th cdritenp to 6.8 wt.%.). The Ar/Ar ages
of the hydrothermal muscovite which forms thin \&earossing carbonates are 75.1 + 1 and
75.4 + 2 Ma (Chovan et al., 2006).

An isotope study of siderite has provided the follty data (average of two analyses):
8" 0smow +15.61%0 ands**Cppg -3.58%0. The average of two analyses of carboraftése
dolomite-ankerite series has provided the followinglues: 5'®Ogyow +13.25%0 and
8"3Cppg -2.22%0. The 8'/SF* ratio of siderite from Jédvé Kostdany (0.710020) together
with others isotope data of the siderites from Western Carpathians indicate strong
influence of hydrothermal fluids by surrouding reck
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Petrology and paleomagnetism of eocene to oligocene volcanic
succession (Arctowski Cove and Point Thomas formati on) from the
King George Island — preliminary results

Magdalena PANCZYK™?, Jerzy NAWROCKI*?

Polish Geological Institute, Departament of De¢qu&ures Geological Mapping;
magdalena.panczyk@pgi.gov.pl, jerzy.nawrocki@pgipl
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The Eocene to Oligocene volcanic series compaseral, lava flows and volcaniclastic
deposits of the upper part of the Arctowski Covenkation and the underlying, younger
Point Thomas Formation, both belonging to the Bzcunlet Group (e.g. Birkenmajer
2001). Most of the lava flows are basaltic, rahgesitic and dacitic in composition. The
upper part of the Arctowski Cove Formation consaftsequences of lava flows with rare
autobreccias at the top and laharic agglomeratrlayers, whereas the Point Thomas
Formation contains the series of lava flows andphastic deposits (tuffs with lapilli and
bombs) as well as the tillite horizon (Birkenmageral. 2005).

The field work in Antarctica was carried out dgrinhe XXXIst Polish Antarctic
Expedition to the Arctowski Station. Twenty two emted samples were collected in the
area of Italian Valley and Herve Cove These rodgsathout 20 towards SW.

Pilot samples were subjected to both alternaiield {AF) and thermal demagnetization
experiments. AF was more effective and thus theorigjof samples was demagnetized
using this technique. Demagnetization results vegaysed using orthogonal vector plots,
and the directions of the linear segments wereutatied using the principal component
analysis. The paleomagnetic conglomerate test wsexd uo assess origin of the
characteristic component. Magnetic mineralogy wetemnined from isothermal remnant
magnetization (IRM) techniques, thermomagnetic ysed and scanning electron
microscope (SEM) images. Anisotropy of magneticcepsbility (AMS) was measured
using a KLY-2 susceptibility bridge and resultindM& fabrics were computed using the
ANISO program.
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Petrological analysis of the paint layers from the 15"-18" century
icons from SE Poland
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magdalena.panczyk@pgi.gov.pl

2 Institute of Nuclear Chemistry and Technology, @ima 16, 03-195 Warsaw, Poland

3 Institute for Conservation and Restoration Art.iwnmsity of Nicolas Copernicus, ToruPoland

The main aim of this work is petrological and gesmiical analysis of mineral pigments
from the icons of the 518" centuries, collected at the Orthodox Art Departiranthe
Castle Museum in kgut. The objects studied are a religious, histbrimad artistic
phenomenon, being a part of cultural heritage oftimational Respublic of Poland. These
paintings of high artistic value are representati¥’this regional iconographic style.

Samples of mineral pigments, grounds and leadewhire collected from ten icons
selected for the analysis. The samples were arhlyg®ptical microscopy, SEM-EDS and
INAA (instrumental neutron activation analysis)adrder to determine the stratigraphy of
art work and the identification of the pigmentsdisEwenty eight elements were selected
for multi-parameter statistical analysis. The sty analysis using STATISTICA
(StatSoft) programme was carried out to identife similarity degree of the objects
analysed and the sources of the mineral pigments.

Together with commonly occurring pigments, suchvasnilion (cinnabar), red lead,
red iron oxide, orpiment, yellow ochre, lead whitbalk, gypsum, anhydrite and copper-
containing green, one unusual material was idextii lead tin yellow. Elemental analysis,
especially trace elements analysis, carried outdad white and earth pigments, allows
establishing chemical patterns or “finger printshich are characteristic of specific artistic
workshops. Extensive research aimed at determipregise details on the painting
techniques applied, as well as the age, originauttenticity of the objects examined has
brought the results that could be a basis foréutastoration of the paintings.
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Human induced vivianite in the area of a north-east Hungarian
chemical works
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Environmental geological survey of the chemicakksosituated in Northern Hungary
has been performed since 1998. Up till now, moentBOO drillings of different depth as
well as engineering geological soundings have lsaeried out in the area. In 2007 vivanite
was found in a discrete part of the borehole ICB;illed in the central part of the area
of the chemical works.

The average elevation of the chemical works ase@4i95 m above the level of the
Baltic Sea. In the area the thickness of the Qnatgrformations covering the Pannonian
terrain is about 150 m. This fluvial formation ighly layered; its lower part is dominated
by coarser pebbly-sandy beds, whereas the fingl-alurite-clay layers are characteristic
of the upper part. At the end of the Pleistocen&;210 m thick eolian sediment, such as
sand, aleuritic (loessy) sand, coarse aleuritesglpdine and coarse aleurite (infusion loess),
accumulated and covered the fluvial fine-grainddy(efine aleurite) sediments. Floor of
the groundwater aquifer is formed by fine-grainddudte. The upper part containing
calcareous, limonite, and dendritic manganese etioas is yellowish brown; however, in
general, it becomes grey and homogeneous belom5.0

Vivianite was found in the grey, homogeneous day at the depth 6.8-8.5 m in the
drilling ICE-113; it appeared as lamellae along fihe laminae of the matrix or, rarely, as
concretions of some mm across. According to soithmaics studies, the vivianite was
formed in the most massive part of the floor clagbthe characteristic plasticity index is
Ip = 32-40%, and the filtration coefficient randesm 3.2 x 10" to 4.9 x 10" m/s. In the
upper part of this bed, the characteristic plasticidex and filtration coefficient are Ip = 19
% and 1.2 x 18° m/s, respectively. At the same time, the charisttefiltration coefficient
of the sandy groundwater aquifers is as low ax2.@° m/s.

Archive aerial photographs demonstrate that aeceff, earth-bedded reservoir for
storing huge amounts of extracted plant debrigustd in the vicinity of the drilling ICE-
113. Phosphate derived from decomposing biomasasrseithe groundwater, and then,
according to the general SW path of the flow, @$ported into and accumulated within
the lowest permeability zone of the untouched badrdherefore, the massive appearance
of the vivianite in the drilling ICE-113 can be exded, at least partly, as a result of a man-
induced mineralogical process.
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Bismuth sulphosalts from Kutna Hora, Czech Republi C: new
occurrence and data

Richard PAZOUT?

Institute of Chemical Technology, Technicka 5, RréH.66 28, Czech Republic; richard.pazout@vscht.cz

Several groups of complex Pb-Bi-Sb-Ag-(Cu-Fe) kakalts, previously unknown in
Czech Republic, have been identified by WDS miapbpr analysis in samples from
hydrothermal vein mineralization of the Kutnd Holg-Pb-Zn ore district, central
Bohemia, Czech Republic.

1. Lillianite homologues include both Bi>Sb mendand Sb>Bi members (andorites)
and show an extensive Sb for Bi substitution. ThkoWing phases were identified:
gustavite, vikingite, treasurite, eskimoite, (Ad)-Bch heyrovskyite, schirmerite, Bi-rich
andorite IV, Bi-rich ramdohrite, Bi-rich fizelyite.

2. Kobellite homologues include izoklakeite (Sb&nd giessenite (Bi>Sbh).

3. Matildite-galena solid solution: all galenas@sated with lillianite homologues in
polished sections exhibit increased contents ofAgd Bi (max. 5.0 wt.% Ag and 9.7 wt.%
Bi).

4. Other identified Bi sulphosalts include: arawisg, cosalite, bismuthinite and Se-free
ikunolite.

5. Bi-bearing Pb-Sb sulphosalts were detectedidBijamesonite (max. Bi/(Bi+Sb)=
0.26 or 15 wt.%, i.e. 3 out of 12 Sb atoms in thét well replaced by Bi), Bi-rich
boulangerite (max. Bi/(Bi+Sb)= 0.12 or 5.2 wt.%]);d@aring semseyite (max. Bi/(Bi+Sb)=
0.02 or 1.12 wt.%).

The new data considerably extend the knowledgehemistry and mineralogy of the
Kutna Hora polymetallic deposit (Variscan age) ire€h Republic. The range of the*Bi
<=> SB*substitution in lillianite homologues with N = 4shaot been observed before and
is exceptional in the world scale.
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P-T conditions of extreme metamorphism of the Snieznik unit
eclogites within the Orlica- Snieznik Dome

Piotr PERKOWSKI', Nonna BAKUN-CZUBAROW*

Institute of Geological Sciences, Polish Acadefryaiences, ul. Twarda 51/55, 00-818 Warszawa,ebla
piotrper@twarda.pan.pl ; nbakun@twarda.pan.pl

Eclogites from theSnieznik tectonic unit within the Orlic&nieznik Dome outcrop in
the Bialskie Mountains SW of the Bielice village diW slope of the Ruda Paprotnia
Mountain and on the S slope of the Suszyca Moumaer Nowa Morawa. These rocks
form small lensoidal bodies that are surroundedtilyogneisses. Eclogites are composed
mostly of clinopyroxene, garnet, minor quartz a8l ae accessory rutile and epidote. These
rocks had ultrahigh pressure metamorphic episodieeiin history. The eclogites originated
at the expense of the calc-alkaline basic igneocisst

Garnets in eclogites from both the occurrencescangposed mainly of almandine ~40
mol.% with pyrope and Ca molecule (grossular + adite = uvarovite) of ~30 mol.%
each. Garnets show distinct zoning with almandineréasing and pyrope decreasing
rimwards.

Clinopyroxene is omphacite. The omphacite in thai@ eclogites is richer in jadeite
(47 mol.%) than in the Nowa Morawa eclogites (411.869. In both the occurrences the
blasts of omphacite are homogeneous and do not singvsigns of zoning. Epidotes are
Zoisite, allanite and complex zoisitic-allanitiabts.

The first author performed geothermobarometric lyi® using garnet-pyroxene
geothermometer (Powell 1985) and jadeite geobaem{ieiblland 1980). The results of the
analysis are as follows: 16-17 kbar and 700-7508€ rhineral equilibrium in Nowa
Morawa eclogites, and 17-20 kbar and 770-870°Cnfareral equilibrium in the Bielice
rocks. Estimated pressure shows the lowest value ttie eclogite facies mineral
equilibrium in the rocks analysed.

Taking into account the presence of quartz pseodoins after coesite which form
inclusions in garnets and omphacites as well a®téogal exsolutions of quartz in
omphacite (Bakun-Czubarow 1995) which originatedmir supersilicic clinopyroxene
during decompression, the second author estimdtedpbssible P-T conditions of the
metamorphism: 28-30 kbar and up to 900°C. These @mditions of extreme
metamorphism. Coesite and nonstoichiometric sujgcspyroxene are stable only under
ultrahigh pressure, which occurs in the continentdlisional zones at the asthenospheric
depths. During decompression and uplift of eclogiticks from asthenospheric depths,
coesite underwent transformation into quartz whilersilicic clinopyroxene topotaxially
exsolved quartz needles.
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Evidence for episodic continental crust formation
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Models of continental crust formation based ondralement composition of depleted
mantle and isotope composition of sediments aresistamt with continuous increase of
crustal volume through time with the most promingmrease observed in Late Archean
and Early Proterozoic. In contrast, distributionzoton crystallization ages and Hf model
ages of zircon show several peaks through the Bartstory more consistent with episodic
rather than continuous crust formation. At issuthésextent that the different episodes can
be correlated between different continents andretbee, whether they may represent
global-scale episodes of continental crust fornmatio

Correlating Hf model ages is not straightforwaetause initiaf®Hf/*""Hf in zircon
may be hybrid due to magma derivation from a migedrce. Analyzing O isotopes allows
us to distinguish between zircon grains having tedike 5'°0 and, therefore, non-hybrid
Y%Hf/1"'Hf from those with elevated®0 and hybrid *®Hf/*""Hf due to sediment
assimilation.

So far coupled analyses of Hf and O isotopes taddaircons are consistent with global
crust formation episodes in the Early Hadean (44 Ga zircons from Jack Hills and
~2.8-3.9 Ga zircons from the Slave craton), thilesety spaced episodes in the Archean
from ~3.8 to 2.7 Ga and an episode at ~2.0 Ga (Keinpl. 2006, Pietranik et al.,
submitted). The last one is important also in thei&an orogeny consistent with zircon
composition from the &iniec Intrusion (Sudetes, Poland) and Mid-Germays@lline
Rise (Gerdes & Zeh 2006).
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Minerals of the phosphuranylite group: phosphuranyl ite, dewindtite

and yingjiangite in a point of view of the new rese  arch
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Based on new research structure-chemical formdlabasphuranylite (Demartin et al.
1991), dewindtite (Piret et al. 1990) and yingjig@gZhangru et al. 1990; Jingy et al.
1992) seem to be unsatisfactory defined for seveesons:

1) Crystal structure of phosphuranylite proposed bynBein et al. (1991) contains
HsO" ions in interlayer due to electroneutrality. Thiegence of these ions was not
proved either by IR and Raman spectroscdsjka 1999; PIasil 2007; Frost et al.
2008) or by thermal analysis (PIaSil, unpublished);

2) The crystal structure of dewindtite (Piret et 4B90) contains Hcations due to
electroneutrality. The presence of these cationgdcoot be inferred directly and
was not proved by IR and Raman spectrosc@jgjkg 1999; PIasil 2007; Frost et
al. 2006);

3) Yingjiangite (Zhangru et al., 1990) seems to bey @anlariety of phosphuranylite.
Based on XRD powder diffraction data, yingjiandites the identical unit cell as
phosphuranylite (Coutinho and Atencio, 2000).

4) All recently analysed by EMPA phosphuranylites, liing the holotype
specimen, contain potassium.

Conclusions:

1. Crystal structures of phosphuranylite and detiimcshould be refined implementing
new bond valence parameters given by Burns (2005).

2. Phosphuranylite as a mineral species shoulcetdefined with regard to the potassium
presence.

3. Yingjiangite would be discredited as an indiatimineral species (it is only synonym of
phosphuranylite).
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(Spitsbergen): an AFM and SEM study
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This study is focused on direct observation ofnaical weathering and biological
activity on mineral surfaces in the newly formincctee soil of the West Spitsbergen.
Chemical weathering and soil forming processescastsal with glaciers may affect several
geochemical cycles including global carbon cycha] as a result have negative feedbacks
on the global climate. Study area are the forelafnthe Werenskjold glacier continuously
retreating by several meters a year, and the madhMount Torbjornsenfiellet. Several
samples of freshly cleaved calcite and apatite eeh buried in the soil for one year.
Samples were analyzed with atomic force microscoplfM) and scanning electron
microscopy (SEM/EDS)

Results of AFM investigation show changes obsenred calcite sample located about
500 meters from the glacier front. This sample veced from Spitsbergen after 1 year of
burial, and has been compared to the control tlaat ever been exposed to glacier
environment. The observed differences between ttvesesamples include different types
of weathered forms, various relations in topogreghatures including surface roughness
and depth of weathered depressions, as well as gpé quantity of microbioforms. The
surface topography is difficult to compare betweea different samples but at the scale of
nanochannels ranging in the width from 1 to 5 nagtens, their depth increases on the
average about 50% (from 0.3 to 0.45 nm) comparedntdar nanochannels in the control
sample. Microbioforms are about 70% less frequemttloe sample recovered from
Spitsbergen compared to the control sample. Ireggwleathering surface structures are
significantly more frequent on the sample recovefemm soil. In some locations,
hexagonal-like shapes might indicate initial stagesryogenic calcite precipitation which
might occur on the edges of columnar ice crystals.

Surface features of two grains of apatites weesresed with SEM/EDS. Apatite 1 was
buried in thick, mature tundra near the seashodeagiatite 2 was located on the incline of
Torbjornsenfiellet about 300m above the sea IeBeth were compared with the control.
The surface of recovered apatites shows severdbhsiananges. Dissolution marks include
increase in general roughness of the surface andafmon of rounded etch pits about
1.5um in size. Besides dissolution features, foionadf mineral aggregates (about 2um in
size) is apparent in both samples. The aggregasswed on apatite 1 are larger and more
frequent than these on apatite 2. The EDS anatgsisals that Al and Si are the major
components of the aggregates. The results indittzae the aggregates are autigenic
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aluminosilicates (kaolinite?) formed on the surfa¢epatite as a result of the activity of
the soil solutions. Additionally, bacteria colomgithe surface of apatite 2 are apparent.
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Fluidal regime of mineral-forming processes in zone of influence of
the Rakhiv-Tysynsk transverse fault of Carpathian ( by mineralogical-
paragenetic analysis and fluidal inclusions investi gations data)

Ivan Vasilevytsh POPIVNYAK, Solomija Jaroslavivna KRIJ, Sergij lvanovytsh TSICHON

lvan Franko National University of Lviv, Hrusheugk4, str., Lviv, Ukraine, 79053 e-mail:
geomin@franko.lviv.ua

Fluidal regime of mineral-forming processes withfluence zone of Rakhiv-Tysynsk
transverse fault of Carpathian was rhythmical aaedoglical while mineral-forming fluids
(in particular mineral waters) penetrated alongfthdt into near-surface areas of the Earth
forming in cycling manner carbonaceous travertiodiés of two-stages structure. The first
level is situated under is situated under Eartfasardirectly in enclosed rocks in the form
of shtockwerks (formed by carbonate streaks), wthite second one was formed onto the
surface has “tongue” form stretched downwards akloge and characterizes by sintered
and biogenic (foliaceous, tabular and mossy)testure

It was determined the following crystallizationgsence of travertine formations
principal minerals: milky-white calcite-> siderite— manganous calcite> arroyadite—
aragonite— realgar— yarosite — dawsonite. Inclusions decrepitation temperature in
calcite, manganous calcite, aragonite, realgagsyer has been determined. On the base of
paragenetical analyses of travertine fluidal-dyrengieculiarities development in the fault
during its historical retrospective was interpret€arbon-dioxide-carbonate fluids on the
beginning of its development were changed into agiiphate ones for the end etaps. At
the present time Kvasiv deposit mineral water cositpm are following: NH — 0.0018
(gr/l), K*- 0.0261, N&- 0.4880, M§" - 0.0583, CH - 0.1780, F& — 0.0056, F& - 0.0007,

F - 0.0005, Cl- 0.5898, Br- 0.0053, J- 0.0009, S&, — 0.0336, HCQ — 1.1346 and also
carbon-dioxide (Cg) — 1.48 arsenious acid —4&k0,) — 0.010 et al.

In mineral waters composition as was ascertairgmgically to the Earth surface were
transported injurious for human health substances ss arsenic, sulphur, mercury and
very likely strontium. So far as two water manifsgins (“Kvasiv” and “Stepan”)
nowadays discharge onto surface directly in Chdiysa bed, it is obvious, that certain part
of mineral water with injurious components admigtdind oneself also in Chorna Tysa
water. It must be noted that these components aecamulated in the river water with
injurious components were accumulated in the rivater during geological time that was
testified by travertine mineral composition.

It is obvious, that these very unhealthy elemegetting up onto Earth surface and river
water influenced and continue to influence on tlhenan health state and make worse
ecological situation in the lower, from travertin@nifestation, river flow. In spite of the
fact that Kvasiv waters contain tolerant quantifyapsenic investigation of the natural
source that makes worse ecological situation in zbee of Rakhiv-Tysynsk fault of
Carpathian influence must be continued as far aigaly important.
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Sr, Ca, S - bearing monazite — (Ce) from the metamo rphosed
magnetite mineralization (Bacuch, Slovakia)

Jaroslav PRSEK?, Peter BACIK?, Martin ONDREJKA!, Pavel UHER?

'Comenius University, Faculty of Natural Sciencegt. Bf Mineralogy & Petrology, Mlynska dolina 843 1
Bratislava, Slovakia; prsek@yahoo.com

“Comenius University, Faculty of Natural Sciencegt. Bf Geology of Mineral deposits, Mlynska dolg#2 15
Bratislava, Slovakia

The unusual high contents of S, Sr and Ca weramated in monazite-(Ce) from the
metamorphosed magnetite mineralization in Bacuakp@vic Unit, Western Carpathians).
The magnetite mineralization hosted by mica schéstd phyllites of the Janov gru
complex is represented predominantly by quartzraagnetite replaced by hematite. Minor
amounts of pyrite, sphalerite, pyrrhotite, nativentuth and cassiterite were also observed.
The non-ore minerals are represented by tourmatlieechlorite group minerals, biotite, K-
feldspar, albite and zircon. The REE-dominated nailseinclude various types of monazite
(Th-bearing, Nd-enriched, Ce-dominant as well a&£&,and Sr-enriched), xenotime and
hingganite. The REE minerals form usually smalhiets with quartz and albite. Monazite
and xenotime were also found as matrix grains smaed by magnetite or quartz.

The content of SQin the S, Ca and Sr-enriched monazite—(Ce) reatBe&6 wt.%
with the contents of CaO and SrO being 4.59 and W%, respectively. This is an effect
of the strontium-enriched “clinoanhydrite” Ca,Sr&RY).1(P,As), substitution. The Ca or
Sr could not enter the structure by the cheralite “sirontiocheralite” substitution
Ca,Sr(Th,U)REE because of lack of Th. Sometimes uranium occuesrinunts up to 2.68
wt.% UQ,. The thorium-rich members also occur with the eahbf ThQ up to 12.3 wt.%,
but usually between 2 and 3 wt.%. Th-rich monadites not contain S and its content of
Ca is up to 1.31 wt.%; Th is incorporated by therahte substitution. Also Th-free
monazite was found. All monazites are Ce-dominatit the content of G®; from 24.47
to 33.61 wt.%, LgO; from 6.38 to 19.5 wt.% and MNO; from 8.91 to 21.92 wt.%. The
content of other REE elements is very low, sometirRgO; reaches up to 3 wt % and
some analyses show up to 1.9 wt.% of@&uThe S, Sr and Ca-enriched monazite contains
up to 0.15 wt.% of common lead.

The chemical composition of hingganite is typi¥aprevails over REE. However, the
Nd dominant member also occurs. TXsite is predominantly vacant (from 0.514 to 0.637
apfu) with the content of Fe from 0.363 to 0.48Buahe W site is occupied mainly by
Y (from 0.443 to 1.113 apfu), less by REE (totalnfr 0.695 to 1.431 apfu). The dominant
REE cation is Nd (0.111 to 0.564 apfu), less C858.to 0.256 apfu) and Sm (0.074 to
0.212 apfu). The content of Ca is very low, up 1@ in one analysis.

Acknowledgement: This work was supported by the/&k Research and Development
Agency under the contract No. APVV-0557-06.
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Complex crystal face control of nitrogen uptake dur ing HTHP
diamond crystallization

Vadim N. Reutsky®

! SB RAS Institute of geology and mineralogy, prosmptuga, 3, Novosibirsk, Russia, 630090,
reutsky@uiggm.nsc.ru

Nitrogen is most abundant impurity in natural aydthetic diamonds. Distribution of
nitrogen within a particular crystal can be non bgenous and often shows correlation
with inner crystal structure. The fluctuation ofrogen content usually interpret as change
of crystallization parameters such as rate and am@si of crystal growth, composition of
parent fluid or melt. Properties of growing diamadface as a factor of impurity uptake
control is poor known.

We have studied nitrogen distribution within syatth diamond crystals which were
grown in Fe-Ni-C system a&=5.5 GPa and’'=1450C in IGM SB RAS (Novosibirsk,
Russia) [Palyanov et al, 1997]. Total concentratodnnitrogen was different for each
experiment. The crystals show sectorial inner stimgcwith clear growth sectors of faces of
octahedron (111), cube (100), trapezohedron (3hdl) dodecahedron (110) (in order of
occurrence). Nitrogen content and isotope commositvas measured using high spatial
resolution ion-probe ims1270 at EMMAC facility inniversity of Edinburgh (Scotland)
[Harte et al, 1999].

Nitrogen abundance in sectors of 111 is highedt\amy close to initial abundance of
nitrogen in the system. The nitrogen isotope raficectors 111 is also equal to initial
value. Sectors of faces 100 are depleted with grindby factor of 2,5-4 in comparison with
sectors of 111 for the same crystal. At the same tibtained1*N values for sectors 100
are ca. 30 %o higher than initial composition. Rdirthe crystals formed by growing of face
311 shows “initial” 1**N values but abundance of the nitrogen is 10 tiloe®r than that
for sector of octahedron. No data was obtainedséator of face 110 because of its small
size.

It is important to note that features describedvabare consistent for both studied
crystals despite of difference in total nitrogemiadlance. The difference in nitrogen isotope
composition of sectors 111 and 100 also agreed fivittings of S.Boyd, who get about
30%o difference in_1*®N between the sectors within a single synthetiondiad crystal
[Boyd et al, 1988]. Obtained feature of differemiale non equivalent uptake of both
nitrogen atoms and isotopes during growth of paldic crystal face is remarkable and
deserve further extensive investigation. The festureported show evidently a tiny
boundary between mechanisms of incorporation ofmatand isotopes of the same
impurity.

The research has been supported by Russian Faamdiat Basic ResearctiN¢ 06-05-
6475%).
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Mineral infillings in cave bear (Ursus  spelaeus) teeth and short bones
from the Bi $nik Cave (Cz estochowa Upland, Poland)
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The bones and teeth studied come from the sedsmehtthe Binik Cave. The
sediments are represented by various clays, samti$oass and they have been forming
since Odra glaciation until today. The bones amdhtevere found in different layers, but
mineral infillings were observed only in those fréime loess layer.

The bones are recrystallized. Most of osteocyteriae and Haversian canals are not
infilled with minerals, but locally secondary miaés, iron (hydro)oxides and calcite are
observed. Iron (hydro)oxides (57-79%,B¢), with some admixture of manganese (0.05-
0.64% MnO), occur in osteocyte lacunaes. Grains ape to few um in size.
Microcrystalline calcite coats Haversian canalsnditls them entirely, and is also present
between the bone trabeculaes. The presence oftecal@s confirmed with X-ray
diffraction.

In the teeth studied most of dentine canalicudi fted with iron (0.15-6% F&©s) and
manganese (0.35-78% MnQ) (hydro)oxides.

The osteons in bone and dentine in teeth are yudrdicks, generally not filled with
secondary minerals. They cut mineral infillingsoyng that the latters formed earlier.

Various mineral infillings might reflect structdrdifferences between bones and teeth.
The presence of calcite infillings only in the Isesediment probably results from a higher
content of calcite in that layer. There are nog¢atlons when the infillings formed.
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Altered pyrite-bearing sandstones from Spitsbergen as an example of

chemical weathering under the polar climate
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Pyrite-bearing sandstones, shales, siltstones aat from the Todalen Mbr. of the
Firkanten Fm. belong to the Van Mijenfjorden Graupl crop out on the western slopes of
the Endalen Valley (S Spitsbergen). Despite anneatmonth period of snow cover,
yellowish to bright red weathering efflorescences present on the sandstone surface. In
addition to mineralogical description of the secanydphases, the objectives of this study
were to evaluate the conditions of the weatheringirenment and to identify potential
direction of the alteration processes. Goals wareomplished by means of standard
mineralogical investigations (light microscopy, XRBTIR) combined with SEM-EDS-
EBSD analyses.

The Firkanten sandstones are polymictic and coegomainly of quartz, alkal
feldspar, mica and carbonates (siderite and cjlditen sulphide (pyrite), rutile and coal
fragments are also common. Isometric pyrite crgstap to 10Qum in size) and framboids,
uniformly dispersed within the rock, are associatéith secondary minerals — mainly iron
sulphates (both ferrous and ferric), gypsum and okghydroxides. Reflected light
micrographs as well as SEM images reveal widespfeasllphate covers on pyrite grains,
which — by means of EBSD — have been structuralbniified as melanterite. Ferric
hydroxysulphates — predominately jarosite, as asgllarge gypsum crystals, are abundant
within the rock, accompanied by crystalline andptogrystalline goethite. Fe sulphate
pseudomorphs after gypsum were also found.

The precipitation of (hydroxy)sulphates and oxytopddes is controlled by the acidity
and concentration of iron and sulphates in oxygshatater penetrating cracks and pores in
the rock during polar summer. In the early stagewifte alteration, melanterite forms.
Further oxidation leads to the formation of ferpbases. Alteration of feldspars and
dissolution of calcite are the most probable sauafeK and Ca for jarosite and gypsum,
respectively. Such mineral association suggesteraarly weathering stages driving most
probably towards ferric oxyhydroxides and hydroxpbates.

Acknowledgement: This work was supported by theHAGST (grant no. 11.11.140.
158).
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Mottramite, a Cu-Pb vanadate, from the Miedzianka - Ciechanowice
polymetallic deposit (Rudawy Janowickie Mts, Poland )

Rafat SIUDA', Bozena GOLEBIOWSKA?

Institute of Geochemistry, Mineralogy and Petrgidgaculty of Geology, Warsaw University, Zirki i

Wigury 93, 02-089 Warsaw, Poland, siuda@uw.edu.pl

2 Department of Mineralogy, Petrography and Geoctstnyj AGH-University of Science and Technology, Al.
Mickiewicza 30, 30-059 Krakow, Polanghleb@uci.agh.edu.pl

A polymetallic deposit of Miedzianka-Ciechanowice situated within the Czarnéw
Schist Formation, which is mainly composed of nmschists and amphibolites. This
tectonic unit is a part of the eastern metamorpbicer of the Karkonosze granitic pluton.
Two types of ores build this deposit: a massive medite-pyrite-pyrrhotite ore connected
with skarns and ore veins with polymetallic mineation.

In the weathering zone of the Miedzianka-Ciechanewdeposit, a number of
secondary minerals (agardite-(La), bayldonite, bamtite, devilline, duftite, kéttigite,
philipsburgite, pseudomalachite, scorodite, wulieraind other) occur.

On the dumps of the former Friederike Juliane mihe authors found Zn-bearing
mottramite, which occurs as yellow or green-yellovwptocrystalline coatings on the
surface of amphibolites. These coatings are bpilbfusmall (up to 2um) tabular crystals.
The crystals form characteristic rosette-like aggtes. On the waste pile of the old
Einigkeit mine, the mottramite creates green massaccumulations within blue
chrysocolla.

The chemical compositions (WDS method) have besgalculated in relation to
>Me (Pb+Bi+Ca+Cu+Zn+V+As+P+Si) = 3 pfu. The averagmpirical formula of
Zn-bearing mottramite from the Friederike Julianeinan is: (PR oCa& 0Bio.04
(Cuo.62ZN 29[V 0.86A%0.09Po.035i0.11) O4] (OH)g 67 (n=12), whereas for mottramite from the
Einigkeit mine is: (PBssCa.11)(Clo.94ZN<0.0)[(V 0.72AS0.10Po.053i0.1904](OH)o 52 (N=8),
Electron microprobe analyses reveal that the ntofteafrom the Friederike Juliane mine is
enriched in Zn (3.89-4.49 wt.%), which correlategatively with a Cu content (9.4-10.3
wt.%) . These samples also show higher concentiatid Bi (1.03-2.51 wt.%) and lower of
Ca(0.53-0.67 wt.%) in contrast to mottramite from tiaigkeit mine (0.00 wt.% and 1.07-
1.28 wt.%, respectively). Deficits of major anicare supplemented by [AsS (0.01-0.11
pfu), [PQ]* (0.02-0.06 pfu) and [SKF (0.07—0.17 pfu).

AcknowledgementsThis work was supported by the grant of MinistrySifience and
Higher Education (0659/B/P01/2008/34) and IGMiPngra
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Uranospinite from the abandoned Podgérze uraniume ini Kowary (The Karkonosze Mts, Poland)
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Secondary uranium mineralization in form of urarogp was found in uraninite-
bearing calcite vein in adit no. 15 of the abandbRedgorze mine in Kowary. The mineral
forms powdery, yellow coatings on calcite and rocREM observations show that these
coatings comprise typical tabular crystals, oftesette-forming. Analyzed (PXRD) sample
contains both uranospinite and traces of metaggnibe. In addition, illite, quartz, a
chlorite and calcite occur as impurities. Diffractipattern is shifted in relation to available
standards. The shift is connected with partial dedation of the research material (that
could be caused both naturally or during prepanatianortar) and changes of mainly the
parameter that were observed by cell tuning in EV.A1 program of Bruker AXS.
Chemical data were obtained by microprobe methde. mineral is chemically pure. The
contents of main constituents are variable (4.09.58 wt.% for CaO, 17.01 to 25.79 wt.%
for As,0Os, 58.60 to 65.75 wt.% for Ufh The UQ content is distinctly higher than the one
reported by other authors for material from othaealities (i.e. RLACHE et al 1951).
Phosphorus substitutes for arsenic in a very sdegtee, as the,®s content is from 0.41
to 1.08 wt.%. The silicon content is negligible op0.64 wt. %).

The crystallization of uranospinite is a recenembmenon. This mineral crystallizes
from mine water, which flows on the adit walls ndze weathered calcite vein.

Acknowledgements: Research was supportet by tMiR@rant.
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Vanadium and uranium secondary minerals from the Ki etno deposit
(Sudety Mts, Poland)
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The Kletno deposit is located in the Kidca stream valley, about 35 km SE from
Kiodzko, in the ladek-Snieznik Metamorphic Unit. The deposit is formed by ttypes of
ore mineralization. The first type, representedntgssive magnetite, occurs at the contact
between metamorphosed sedimentary rocks (mainlplegrand gneisses. Polymetallic,
hydrothermal ore veins with rich mineralizatione(i.uraninite, fluorite, clausthalite,
bohdanowiczite) are the second type and cut thesive magnetite ore.

The supergene zone of the Kletno deposit has peerly recognized. Hitherto only
few secondary minerals are known from there.

Beside chrysocolla, mottramite is the most commeoondary mineral in the Kletno
deposit. It forms thin green-yellow, yellow-brown lgght green coatings on the surface of
milky-grey massive quartz from hydrothermal veififie mottramite coatings are very
often mistaken for aggregates of secondary uraminerals. The latter are built of small
(up to 25um), thin tabular crystals, whereas mottramite edgstform characteristic
spherical aggregates. The chemical compositiothefriottramite was determined by the
electron microprobe method. The vanadium conceotrataries from 17.79 to 17.73 wt.%
V,0s. Arsenic (from 0.18 to 3.2 wt. A8s) and phosphorus (from 0.11 to 0.37 wt.%0§
have also been recognized. A small amount of Ieadplaced by calcium (up to 0,91 wt.%
Ca0). Concentrations of zinc and copper vary froB61o 3.37 wt.% ZnO and from 2.49
to 5.53 wt.% CuO, respectively. A considerable @ddiof Si (from 2.49 to 5.53 wt.%
SiO,) is present in the mineral examined.

Among the material found on old dumps of the Kéetmanium mine, some secondary
uranium minerals have been recognized. One of ikétasolite. The mineral forms small
(up to 20 um) tabular crystals, growing in smakitias in black fluorite. Semiqualitative
chemical analyses (EDS) indicate a high concentratif calcium. This element partly
replaces lead in the kasolite structure. Small arteowf magnesium and iron are also
present.

Acknowledgement: Research was supportet by IGM#ntgr
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Self-affine fractal statistics of igneous feldspar growth pattern
transformed by a fluidinduced exchange reaction
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Alkali feldspar crystals chosen from the late Areha TTG Closepet pluton have been
investigated. The TTG suite crystallized from mixetsic and mafic melts (Moyen et al.
1997). The feldspars have been collected from rali$glaying textures compatible with
magma mixing. Trace element composition in eactsfer was analysed along several
transects using LA ICP MS (usually 1200-1600 mezmants along 1-1.5 cm). A 3D
visualization combined with fractal statistics allas to get insight into the mechanism of
crystal growth. The 3D visualization of the tradeneent distribution shows that although
the feldspars grew in similar heterogeneous magmas mixed mantle- and crust-derived
liquids) they display growth textures, which hardign be explained by hybridization
process. The feldspars are almost homogeneousnd/lixas then almost completed on the
onset of feldspar nucleation and crystallizatioelavely small and irregular variation in
the trace element contents makes the feldspar growdrphology patchy. This patchy
pattern is developed on the basis of feldspar algavand seems to be caused by an
exchange reaction with fluids. Fractal statisticy$i exponent or roughness exponent (H)
have been determined for compatible trace elemattenns along every one traverse in
each crystal. The fractal statistics of the Closdplespars reveal that trace elements were
incorporated chaotically into the grown crystalddpendently on the degree of mixing. The
highest degree of chaos (H~0.30) appears in tlisgals grown from almost coherent
magmas and it decreases during hybridization beimgys anti-persistent. The fractal
statistics then can also be related to later finidraction with already crystallized phases
and not to the dynamics of mixed magmas.
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Cr spinels — indicators of mantle magma source in t he Jeniniec-2
borehole
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Volcanic rocks from the Jeniniec-2 borehole aregespnted by andesites. The rocks are
highly altered in the pumpellyite-actinolite ancepnite-actinolite facies conditions. Relict
volcanic textures: porphyritic, amygdaloidal andymetimes, ophitic are still visible.
Primary plagioclase is completely albitized and stimes contains rims of K-feldspar,
occasionally it is replaced by pumpellyite as wéllafic minerals are represented by
pyroxenes: diopside and augite, which usually amplaced by mixed-layer
chlorite/vermiculite, pumpellyite and quartz. Thecks often contain rounded grains of
quartz and pieces of quartzite as well as garngstals, which indicate crustal
contamination. As a rule, the more quartz is presethe sample, the more pyroxenes or
pseudomorphoses after them occur.

Cr spinels are very rare in the rocks studied. Thoem very small rounded grains, few
um in diameter, and usually are grouped within pleeysis (usually replaced by secondary
phases) of plagioclase and pyroxene. The small (fizzystals did not allowed to make
more than one EMPA in each grain and contaminatbranalyses with surrounding
minerals is visible (Si and Na are present). Aihs{s analysed can be divided into two
groups: the first one (sample J2-22, lower pathefprofile analyed) has Cr# ranging from
0.57 to 0.63, and the second one has Cr# fromt0.0075 (samples J2-9 and J2-10, upper
part of the profile analysed).

Spinels rich in Cr (Cr# higher than 0.57) were dibsd from petidotite, harzburgite
and mid-ocean rift basalts and pyroxene-andesitan Caliornia (Barnes, Roedder 2001,
and references there). The last mentioned rockprateably close to the rocks from the
Jeniniec-2 borehole. They are interpreted as dtreshigh degree of partial melting of the
strongly depleted mantle. This thesis is confirngydan increase in Cr# from older to
younger parts of the volcanic rock sequence.

Metamorphic processes affected the Cr spinels.aRefe Cr was introduced into the
structure of retrogressive celadonite, which isspr¢ in some pseudomorphs after
pyroxene. The celadonite contains up to 1%0gr
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Ferriallanite-( Ce) in graphite-bearing carbonatites from the
Gremiakha-Vyrmes massif of the Kola Peninsula
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The minerals of the allanite subgroup are widempiia pegmatites of alkaline granites
and syenites, but occur occasionally in carborstitdey were described in the magmatic
and hydrothermal carbonatites of the Kola Peninftégpustin, 1971), Transbaikalia (Ripp
et al., 2000), metamorphosed carbonatites of theaalslands (Ahijado et al., 2005),
extrusive carbonatites of the United Arab EmirdW#solley et al., 1991) and elsewhere.

For the first time ferriallanite€le) was found on the Kola Peninsula in the graphite-
bearing calcite carbonatites of the Gremiakha-Vyrmes masSiie carbonatites of
magmatic origin crosscut metasomatic albitites.

Ferriallanite-Ce) is the only REE-bearing accessory mineral. lassociated with
aegirine, biotite, albite, orthoclase, graphitapfapatite, ilmenite, titanite, zircon, prehnite,
chlorite and sulphides. The similar assemblage aesxribed in graphite-bearirmglcite-
biotite carbonatite crosscutting nepheline syerfit@® the Transantarctic Mountains of the
southern Victoria Land (Cooper, Mellish, 2001).

Ferriallanite-Ce) forms very small (up to 50 pm), idiomorphic, Wrocrystals and rims
on prehnite and chlorite. The chemical compositidrgrains is inhomogeneous, patchy.
Single crystals are commonly zoned with respecdREE®* and F&", with compositions
corresponding to

allanite-Ce):
(Cal.O7CQ).49LaO.41PrO.Od\ld0.1§nb.0?)2.l£(FeS+0.62Al 1.59F92+0.71M No.0Mo.04T10.01)2.84Sh>.84
012.190(Fo.0:0H),

ferriallanite-Ce):
C31.34CQ).43L30.38Pr0.01Ndo.ogsn'b.02)2.27(Fes+o.7EA| 1.16:92+0.64M N0.0M0o.07T10.18)2.84Sk2.00012.19
O(Fo.0OH)

and allanite-(La):
(Cay.oM no.o4|-ao.44CQ).4’f’ro.oﬂ\ldo.ossWb.02)1.97(F93+0.30°\| 1.32F92+1.14|V|go.osTi 0.193.01(Sk.02
012.390(F0.07OH)'

Chondrite-normalized patterns for ferriallaniteejGrom the Gremiakha deposit follow
the general trend typical of carbonatites and difiem those recorded for ferriallanite-(Ce)
from the alkaline granitic pegmatite (Kartashoaket2002).

The minerals of the allanite subgroup were fornmedhe late stage of carbonatite
emplacement from postmagmatic, REE-rich hydrothésoblutions under high activity of
SiO;in the fluid.
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Phosphatic overgrowths on zircon grains in Carbonif erous
sandstones
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Isotopic dating of sedimentation and/or diagenedgspite the continuous advances in
analytical techniques, is still underdeveloped caragd to geochronology of igneous and
metamorphic rocks. Authigenic phosphates precipijabn detrital zircon grains, typically
xenotime and monazite in sandstones, have drawntiam due to their potential as U-Th-
Pb chronometers. Many Precambrian samples have &aeressfully dated using this
method, typically by presentingPb?°Pb age data. However, Palaeozoic overgrowths
present more challenges, due to their lower radicgeb contents.

This study forms part of a larger project testitige applicability of diagenetic
phosphates to dating sandstones from the stratigraty well- constrained Carboniferous
basins — the Clare Basin of Western Ireland andPenine Basin of Northern England.
Phosphatic overgrowths (xenotime and monazite) efnitdl zircon grains have been
identified in each of the 17 sampled sandstonem footh basins. The overgrowths vary
from euhedral to subhedral, with evidence of dissoh in some cases. The very small size
of the overgrowths is the major analytical drawbacg5% overgrowths are <3 pm in
diameter. The overgrowths were investigated in fl@ictions and conventional epoxy grain
mounts using optical and scanning electron micnegd@EM), electron probe (EP), and
laser ablation inductively coupled plasma masstspeetry (LA-ICP-MS).

EP microanalyses caused significant damage ofotlergrowths after focusing the
electron beam for ~15 minutes on a 1-3 um spotevéaled varied compositions for the
overgrowths. Silica contents up to 1.6 wt.% arddgipof authigenic phosphates. LA-ICP
mass spectra acquired from traverses yielded n@retyses of the zircon hosts, phosphatic
overgrowths and epoxy due to the very small sizénefpyramidal serrations. It is possible
to distinguish the three phases in the mass spdueever, no reliable geochronological
analyses were obtained. Analytical challenges aihatd perspectives are discussed in the
presentation.
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limenites from the Tertiary deposits relict between Rakovnik and
Velkd Cernoc (called Hlava ¢ov gravels), Central Bohemia, Czech
Republic
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IImenites from the ,Hlavéov gravels“, a locality situated near Rakovnik (W o
Prague), Central Bohemia, were studied by means stefeoscopic microscopy,
conventional petrographic microscopy and SEM. Thwaeer deposits of the Tertiary relict
of a braided river contain mostly ilmenites (40-g&in%), tourmaline (5—20 grain%),
rutile (1-5 grain%), magnetite (1-10 grain%), anddaé (1-10 grain%), sillimanite and
kyanite (1-5 grain%), zircon (1-15 grain%), leuaoxg1-15 grain%) and Fe-secondary
minerals (0—70 grain%).

IImenite morphology is diverse, the shapes ofrgraiaries from angular to subangular
with homogenous texture. The ilmenites contain ti#entamellae, inclusions of apatite,
pyrite and pyrrhotite, and some of them have cavéitied with clay. Triangular ilmenite
network exsolved from a titanomagnetite can be s$omes observed. Chemistry of
ilmenites shows a significant variability. Thereresdound Mg-bearing ilmenites, Mg and
Fe-enriched ilmenites, Mn-bearing ilmenites, plmeenites FeTi@ and ilmenites with Fe
replaced by both Mg and Mn.

Many ilmenite grains are altered. The altered mah@hases include: pseudorutile,
leucoxene and rutile. The mineral phases have tlassified after Frost et al. (1983) at the
basis of their Ti/(Ti + Fe) ratio: ilmenite <0,5squdorutile 0.5-0.7, leucoxene 0.7-0.9,
rutile >0.9. Alterations are recognizable mostlprel the rims and along the fissures.
Another altered products create patchy grains dwkfterent distribution of elements such
as Fe, Mg and Ti. Leucoxene alterations can a@stypn situ in the places of weathering
of the source rocks and partly after sedimentadfguiacer deposits.

Variability of ilmenite chemistry suggests diffateprovenance of the placer deposits.
The Mg ilmenites probably representes bazalts, gigstics rocks and bazaltic dykes of
Neoproterozoic and Cambrian age from SE Barrandibe.Mn ilmenites are known from
metamorphic rocks and mafic intrusive rocks. Tsellinenite grains were recognized from
Barrandien subvolcanic rocks by Fiala (1977).
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Felsic segregations within the eclogites of The Snie znik Metamorphic
Unit, West Sudetes
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The Snieznik Metamorphic Unit §MU), built of variegated rocks metamorphosed in
amphibolite-facies conditions, contains numerousgitic lenses, subjected to variously
intensified amphibolitization. The eclogites fronffefent localities display diversity in
geochemistry and mineral composition, what is prteted to be the evidence for varied
protoliths and peak metamorphic conditions. Irresige to location of the eclogitic lenses
within SMU, their fresh, weakly retrogressed sectors fredjyecontain felsic segregations
in form of veins, nests or intercalations. The sggtions are several mm up to 20 cm thick.
The felsic rocks form irregularly-shaped bodiedlattened zones parallel to foliation.

Mineralogical composition of the leucocratic seggons is heterogenous regarding
localities. However, in all cases it indicates hylessure metamorphic conditions for their
origin. In the Medzygérze and Nowa W4eeclogites, the blurred nests and sharply
bordered veins have been observed. They are cochpd$gtz, Grt, Phen, Rt £ Zo, Omp,
PI(Olg), Illm, All, Kfs, Py.The vein-like bodies occur also within the metdteasin
Strachocin, having compositio@tz, PI(Olg) + Grt, Zo, Ky, Phen, Bt, RThe Nowa
Morawa eclogites contain up to 20 cm thick intemtiahs oriented analogically to weak
textural anisotropy of the metabasites. Their pamagis include®tz, Grt, PI(Olg), Phen,
Ky, Bt, Rt additionally they comprise small, partially cadeal grains of staurolite. Garnets
in all the occurrences often display high Mg cohtérdicating HP condition§Alm 37-63,
Prp 6-32, Grs 4-37)Also white micas support this notio8i(p.f.u. 6.34-6.98 Due to big
spread of Mg-Fe proportions, the conventional geiwtiometry based on Grt-Phen pairs
gave scattered results (620-820°C for 15 kbar),dvaew conformable with the results for
eclogites.

The appearance of the felsic segregations ussatigests their migmatic origin in the
eclogites-facies conditions. Generally, the fetsgeem to be the product of anatexis of the
eclogites; the veins represent an injected mateadher from more distant parts of
migmatised eclogites or their neighbourhood duriH§ episode. In case of the
intercalations with staurolite, sedimentary prdtotiannot be excluded.

Finally, the mineral composition of the HP felsiegregations, as well as the chemistry
of garnets (higher Mg) and phengites (higher Sgtirtctly differ from those features in the
eclogite-bearing gneisses, suspected by some auttworregister common, (U)HP
metamorphism.
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Deposit Rozna: the evidence of Pb-Zn mineralization and origin
willemite and montroseite
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The Roznéa deposit belongs to the Rozna-OISi uramitenfield and is situated in the
north-eastern part in the high-grade Gfohl Unithef Moldanubian Zone of the Bohemian
Massif. Three stages of mineralization were desdrifsom Rozna (Kbek, Hajek 2005).
The first is pre-uranium quartz-sulphide and cadtersulphide mineralization, the second
type is uranium mineralization and the third typ@dst-uranium carbonate-quartz-sulphide
mineralization. The uranium mineralization compsisthree types: carbonate veins,
mineralized tectonic zones and so-called metastesati

Unusual Pb-Zn sulphide mineralization with urat@rgoffinite veins was found during
mining at the 21st level. This sulphide mineraii@atis composed mainly of sphalerite.
Pyrrhotite, pyrite and tetrahedrite are less comnidre sulphides make up 50%, calcite is
mine waste. Sphalerite is enriched in Fe (8.9 wtZ#td Mn (2.4 wt.%). Tetrahedrite is
enclosed in galena and contains up to 34.5 wt.%Qsdcite is rich in SrO (0.5-2.3 wt.%)
and ZnO (about 1.1 wt.%).

Younger uranium mineralization appears as up tm3thick veins crosscutting the
older sulphide. The veins have concentric struct@affinite 1 occurs the margin of the
vein and is rimed by thin uraninite layer, whereaffinite 2 forms the central part of the
vein. Coffinite 2 differs from coffinite 1 by a Higr content of CaO. Both the sulphide and
the uranium mineralizations are altered. Sphalésiteeplaced by newly formed willemite
and Zn-rich chlorite. Willemite forms irregular aggates and is contaminated by.8a
(1.2 wt.%) FeO (about 1 wt.%). Chlorite is zonad.dentral part is enriched in ZnO (up to
11.5 wt.%), whereas the margin is ZnO-depleted \{B.%6). Uraninite is partly replaced by
coffinite. Radial aggregates of montroseite appaitionally in coffinite. The presence of
willemite, Zn-rich chlorite and coffinite indicatésgh activity of Si during the alteration.
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The berlinite substitution in clinkers - environmen tal aspects
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The constant production of meat and bone meal (MBbmM cattle cadavers presents
due to the regulations evoked by BSE a problemnfany countries. Combustion is an
attractive option of the MBM disposal. An environmtedly safe way of such disposal is its
use as an alternative fuel in rotary cement kizrssthe high temperature inside these kilns
(close to 200%C) guarantees 100% prion destruction. Combusting/MBa cement kiln is
a no-waste process, as the unburnt component -lyn@atphosphate - gets incorporated
into the clinker. The addition of P to the raw mmetls for clinker production presents
a certain problem, as phosphorus influences thpepties of the melt, the clinker's phase
composition, the structure of clinker minerals, at@ir chemical composition. The
experiments with MBM addition have shown that th®4ftontents above 0.7 wt.%® in
clinker increase the G&iO, (belite) and CaO (free lime) proportions at thepense of
CaSiOs (alite). As belite is less reactive than alite &me lime proportion above 5% is not
acceptable for cement preparation, a series ofrempats was performed to optimize the
raw meal mix with respect to the resulting clinkérase composition. The amounts of the
MBM ash addition ranged between 0.25 and 7.5 viR:@. The distribution of P among
individual clinker phases was studied using antedecmicroprobe. It was found that in
equilibrium-burned clinkers all P incorporates it common clinker minerals and does
not form any high-P phase. The contents #Hn belite and alite distinctly grows with its
bulk content in the clinker. The interstitial phag¢€a aluminate and Ca ferrite) contain
much less FOs, mostly below 0.8 %. Phosphorus preferentiallyeentthe structure of
belite; already from the total content of 0.5 wtB4s. The content of g in belite
exceeds more than twice that in alite.,PObstitutes in the structure of clinker silicates
Si in SiQ, groups and G#PQOy), forms solid solutions with G&iO, and CgSiOs. Besides
this substitution, a certain portion of P appearsenter the belite as well as the alite
structures via the berlinite substitution (ZSP AI** + P*), known, e.g., from feldspars.
The relation between,®s and AbO; contents in belite and alite appears to be limatnin
the whole studied range 0§®; contents (0.25-7 wt.%). The regression equatitcutzted
from the results of spot analyses, Al = 0.214P058.(in a.p.f.u.), shows that the “initial”
Al contents in belite is around 0.05 a.p.f.u. Tisling led to experiments with raw meals
enriched both in P and Al, which enabled the forombf alite even from mixtures with
more than 3% §®s, not occurring in clinkers from raw meals contamiboth A}O; and
FeOs.
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Ministry of Industry and Trade of the Czech Repeibli
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Characterization of clay fraction of soils derived from granodiorites at
the Sudety Mts. and the Foresudetic Block, SW Polan d
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Granodiorites, except for granites, are most feedjy occurring granitoid rocks in
south-western Poland, but their exposures at thth Sarface are not extensive. There are
only very few papers dealing with weathering preessand formation of clay minerals in
soils derived from thosgarent rocks.

The aim of this work was to determine composit@nclay minerals formed in soil
profiles developed from granodiorites located inirmgeological formations of Lower
Silesia (SW Poland): the Sudety Mts. and the Faletit Block, and to find to what extent
the soil-forming processes affect composition ofnenal colloids derived during
weathering.

The objects of the investigation were shallow cignsbils located at upper parts of the
hills formed by granodiorite intrusions of theAyge Massif and the Niemcza Zone.

Soil samples collected from different genetic honis were dispersed in distilled water,
then the clay fraction was obtained with a cengggfuThe only additional treatment of X-
rayed samples included their saturation with glyaod heating at the temperature of
550°C.

X-ray diffractograms of soil horizons from the husnhorizon to the parent rock
detected dominating amounts of illite in all horngcand much smaller amounts of kaolinite
and vermiculite. Those minerals are predominantpmmrants of the clay fraction obtained
from different horizons of soil profiles located #te Niemcza Zone. The mineral
composition of the clay fraction did not indicaigrsficant differentiation from profile to
profile, whereas the horizons collected fromzyee Massif are also enriched in illite-
chlorite interstratified minerals, montmorillonitend chlorite. There are also no clear
differences in clay mineral composition along d poofile.
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Ammonium sulphates from burning coal dumps at Komlé and Pécs-

Vasas, Mecsek Mts., South Hungary
Sandor SZAKALL, Ferenc KRISTALY

Department of Mineralogy and Petrology, Universad Miskolc, H-3515 Miskolc-Egyetemvaros, Hungary.
E-mail: askszs@uni-miskolc.hu.

In the surroundings of the Komlé and Pécs-Vasaafietds, on the burning dumps
there were found numerous secondary sulphate nénivat formed by the decomposition
of waste dump materials. Diversified associatiohild,, Al, Fe, Mg, Ca and Fe sulphates,
in various stages of hydration are the most abundEmey appear in porous or earthy
masses, and encrustations consist of euhedral liedead crystals. These phases occur
usually in close association. The nitrogen of th@rmnium is provided by the decay of
organic matter of coal. The identification of sulpds was made by X-ray powder
diffraction, scanning electron microscopy aidedhwéinergy dispersive spectroscopy and
inductively coupled plasma - mass spectrometry.t&Jpow, eleven ammonium sulphate
species were identified in the Mecsek Mts. coalfiel

The most important ammonium-bearing sulphate deemmigite. It mainly forms
colourless to white, porous masses, or milimetze-gsictahedra. Clairite (yellow tabular
crystals with hexagonal outline), mohrite (yellolwitbular crystals), and boussingaultite
(white tabular crystals) were identified in closseiation with tschermigite. Clairite was
originally described in the cave environment (Martt983). Mascagnite often occurs in
encrustations composed of thick tabular crystalgly associated with efremovite, koktaite
and mohrite. Godovikovite appears as pale browroymrcrusts with tschermigite and
voltaite. Microcrystalline masses of sabieite webserved to occur together with mohrite
and tschermigite. A jarosite-group mineral, maylpeneniojarosite, occurs as powdery
masses. Similar parageneses were identified froraraeother waste dumps (e.g.c2k&,
Povondra 1988; Witzke, Ruger 1998)

The ammonium sulphates are often accompanied bgr atsual sulphates, such as
alunogen, halotrichite, pickeringite, copiapitepgym, metavoltine, hexahydrite, kieserite,
butlerite, voltaite, etc. Among them voltaite isrwaunusual, due to its variable cation
substitutions. In the voltaite crystals significarhounts of NH substituting for K were
identified in ICP-MS.
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Gieraltow granulites — a vestige of an early Varisc  an ultra-high
pressure metamorphism in the Olrica-  Snieznik Massif, West Sudetes

Jacek SZCZEPANSKI!, Robert ANCZKIEWICZ?, Stanistaw MAZUR*

Institute of Geological Sciences, University obdaw, pl. M. Borna 9, 50-204 Wroctaw, Poland:
js@ing.uni.wroc.pl

2 Institute of Geological Sciences PAN, Cracow Rese@entre, ul. Senacka 1, 30-001 Krakow, Poland,
ndanczki@cyf-kr.edu.pl

The eastern part of the Orli€mieznik Dome in the Sudetes, NE Bohemian Massif,
belongs to key areas bearing evidence for UHP naaimsm in the Variscan Belt. The
main lithologies cropping out in the area comprsphibolite-gradeSnieznik and
Gieraltow gneisses intercalated with subordinaiursiite grade metasediments (the
Stronie-Miynowiec Formation). These rocks host salveinclusions of eclogites.
Furthermore, in the Stary Gierattdéw region a labgely of interlayered felsic and mafic,
retrogressed to a variable degree, ultra-high pred$&JHP) granulites has been recognized.
In this study, we focus on evolution of metamorpbanditions revealed by the Stary
Gieraitdw granulites and on timing of UHP eventngsboth conventional and isopleth
geothermobarometry combined with Sm-Nd and Lu-Hhgageochronology.

Mafic granulite consists of clinopyroxene + kyanit garnet + mezoperthite (former
ternary feldspar) + K feldspar + plagioclase + tpar biotite + amphibole. The peak
metamorphic conditions were determined using cotiweal geothermobarometry at 28
kbars and 10168C, while decompression event was evaluated atr&diBa0°C. Moreover,
with the aid of an isopleth geothermobarometryhtdetand T peaks were estimated at 30
kbar — 700°C and 27 kbar — 93%C, respectively.

Both mafic and felsic granulites collected frone tkame outcrop were subjected to
dating. Sm-Nd dating of retrograded mafic granuljgze 340.1+4.1 Ma age, while Lu-Hf
date, obtained for the same garnet fractions, gelsignificantly older age of 374.1+1.5
Ma. Felsic granulite gave 320.6+2.5 Ma Sm-Nd ageilem_u-Hf date is 386.6+2.4 Ma.
Sm-Nd date obtained for the felsic granulite, hosvevs about 20 Ma younger, what is
rather unexpected since there is no tectonic disudgty between the two lithologies. The
interpretation of that age remains enigmatic. Ageexed in rocks crystallizing under high
temperatures, major element zonation in garnet frmafic granulite shows typical
diffusional pattern with equilibrated rims. Thispiies that the Sm-Nd ages reflect cooling.
Lu-Hf geochronology shows more consistency. Botinas seem to point to an isotopic
closure at c. 375-386 Ma. Since Lu-Hf system isieveld to have higher closure
temperature than Sm-Nd, the Lu-Hf ages are intezgdras representing time close to the
metamorphic peak.

Thus, our PT results and geochronological studtelcate that investigated mafic
granulite recorded two distinct metamorphic episodbaracterised by early Devonian
UHP metamorphism followed by ca. 40 Ma younger dgmession stage.

155



«Oenre,
MINERALOGIA - SPECIAL PAPERS, 32, 2008 5{} 75N
www.Mineralogia.pl 9] %
; <
MINERALOGICAL SOCIETY OF POLAND ;//l/ .\?
5 '“"o\o
POLSKIE TOWARZYSTWO MINERALOGICZNE ALO

Molecular modeling simulations and some of their ap plications in
mineralogy and geochemistry
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Leszek MARYNOWSKI*

Institiute of Geological Sciences, Polish Acadeim$ciences, 31-002 Krakéw, ul. Senacka 1, Poland
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Institute of Geological Sciences, Jagiellonian\émsity, 30-063 Krakow, ul. Oleandry 2A, Poland
Faculty of Chemistry, Jagiellonian University, 863 Krakdw, ul. Ingardena 3, Poland

Department of Earth Sciences, Silesian Univerdity200 Sosnowiec, ul¢Bziiska 60, Poland

Possibility of investigations of geochemical anchenalogical processes at the atomic
scale is very tempting. Nowadays scientists aréppga with very sophisticated apparatus
(e.g. electron microscopes), which offers possibitif performing studies at the atomic
scale of resolution. However, there exist an aitéve approach — molecular modeling,
which can help to understand experimental resultiseven deal with problems where these
empirical methods fail.

Molecular modeling comprises various computer &ition methods, which differ in
the theoretical approach lying behind them. In fhssentation two of these methods will
be covered: quantum mechanics (QM) and moleculahar@cs (MM).

QM considers energy and movements of particulectedns and nuclei in molecules.
Using this approach it is possible to predict dttes, physical properties as well as
chemical reactions. We used QM in studying relativermodynamic stabilities of some
organic molecules found in oils - phenyldibenzopiienes (Ph-DBTSs). Using QM it was
also possible to evaluate reactions, which thesdecutes could undergone during
diagenesis.

MM describes molecules as balls (atoms) connéayesprings (chemical bonds). This
is much more simplified approach and, thereforejaies not cover the same fields of
applications as QM. However, due to its simplictyd less computer time demands, MM
can be used in the studies of much bigger systsut as for instance clay minerals. We
were interested in investigating the way in whichbodymer — polivinylpirrolidone (PVP) -
adsorbs on surfaces of clay minerals. Using the fidroach it was possible to choose the
most likely conformation of polymer on the clay fawe. Theoretical diffractograms were
calculated on the basis of the structures obtaamelddcompared with experimental ones.
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Vanadinite from Stanistaw quarry (Izerskie Garby Zo  ne, Sudetes,
Poland)

Eligiusz SZELEG!

University of Silesia, Faculty of Earth Sciend8glziiska 60, 41-200 Sosnowiec, Poland, e-mail:
eligiusz.szeleg@us.edu.pl

Mineralization in the Stanistaw quarry is assodatgth the Izerskie Garby dislocation
zone, located within hornfelses and gneisses ofKilukonosze-lzera Block (Lewowicki
1965). Quartz is the predominant mineral fillinghexveas the fluorite-apophyllite-quartz-
calcite-stilbite-chlorite association is of hydretmal origin (Koztowski 1978). Vanadinite
was found in a quartz-fluorite-stilbite vein cugithe hornfels. Fluorite is main mineral of
the vein. It forms pale green octahedrons up tmircsize, coated by quartz. Stilbite forms
prismatic crystals up to 0.5 cm long. They are galewn to orange with semi-vitreous
to pearly lustre. Vanadinite was observed on thdasa of a fracture cutting hornfels.
It is the last mineral in the association. Vanadifiorms aggregates of hexagonal prismatic
crystals up to 0.1 cm long. It shows orange cobmd resinous to diamond lustre.

Electron-microprobe analyses and BSE images wdrired using a Cameca
SX 100 apparatus in the Inter-Institutional Laborat of Microanalysis of Minerals
and Synthetic Substances at the Faculty of Geoldgigrsaw University. The
average crystal chemistry formula of vanadinite nfrothe Stanistaw quarry is
PB[(VO.,)2.84(ASO4)0.1dWO4)0.0dClooO00s The vanadinite shows sectoral structure,
caused by variable V, As and W substitutions irsitacture.

As vanadinite is a typical secondary mineral ia thxidation zone of lead deposits,
it is suggested that galena or other primary Pmenails may occur in the hydrothermal
system of the Izerskie Garby Zone.

Wall-rock silicates might be the source of V. Ttanistaw quarry is the first vanadinite
occurrence in Poland.
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New occurrences of wulfenite in the Polish Sudetes
Eligiusz SZELEG', Janusz JANECZEK®!
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Occurrence of wulfenite in the Sudetes was fiegiorted by Websky in 185%ide
Traube 1888) from the polymetallic ore deposit ifretzianka (formerly Kupferberg) near
Jelenia Gora.

We report here on new occurrences of wulfenitep@gmatite from the Paszowice
granite quarry (the Strzegom-Sobdtka granitic nflpasid in the abandoned galena mine in
Lutynia (theSnieznik metamorphic massif).

Orange bipiramidal crystals, up to 0.2 cm in léngtf wulfenite from Paszowice were
collected from the intragranitic pegmatite. Wultenbccurred in small cavities between
aggregates of clinozoisite prismatic crystals, elts partially altered galena crystal (2 cm
in size). Some of the wulfenite crystals are twithne

Wulfenite from Lutynia was found in samples of gmagalena veins within mica
schists of the Stronie Metamorphic Series. Galsrgtrongly altered. Main products of its
alterations are white cerussite and pale-greennpgrphite. Wulfenite forms tabular to
bipiramidal crystals on quartz and pyromorphite.

Electron-microprobe analyses of wulfenite werefgrened using a Cameca SX 100 in
the Inter-Institutional Laboratory of Microanalysi§ Minerals and Synthetic Substances at
the Faculty of Geology, Warsaw University. The agegr crystal chemistry formulae of
wulfenite from Paszowice and from Lutynia are oREM0goeWo090s and
Phy o M0g 06AS.02W0.01)O4, respectively. Wulfenite from Paszowice is zoned #edzoning
is enhanced by the variability in Mo and W conceiibns. Wulfenite crystals from Lutynia
reveal growth sectors with variable concentratioh$lo, As, and W. Wulfenite from the
both localities originated as a by-product of hyblesmal alteration of galena.
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Y, REE-rich zirconolite from the Skalna Brama pegma tite near
Szklarska Por eba (Karkonosze Massif, Lower Silesia, Poland)

Eligiusz SZELEG', Radek SKODA?

University of Silesia, Faculty of Earth Sciend8gilziiska 60, 41-200 Sosnowiec, Poland, e-mail:
eligiusz.szeleg@us.edu.pl

Masaryk University, Faculty of Science, InstitaféGeological Sciences, Kotkka 2, 611 37 Brno, Czech
Republic, e-mail: rskoda@sci.muni.cz

REE-bearing minerals from the Skalna Brama pedenatere reported by Websky
(1865), Traube (1888) and Gajda (1960 a,b). Thenpadite is located within granite of the
Karkonosze Massif. It forms lens-like body up tond thick with internal structure
comprising from the rim inwards: granitic and graptone, blocky K-feldspar and massive
quartz core. The rock-forming minerals of the petifmainclude quartz, microcline,
oligoclase, biotite. llmenite, chlorite, hematigadolinite, fergusonite, monazite, zircon,
xenotime, uraninite, pyrite and arsenopyrite aeasory minerals.

Zirconolite was found as aggregates of needledit@ching crystals up to 4 cm long
and up to 0.2 cm wide in massive pink microclind grey quartz. It shows brown to black
color and semi-vitreous to resinous lustre.

A sequence of crystallization was determined ugi8g images, performed by an ESEM-
XL 30 TMP (Philips/FEI) SEM equipped with an EDSIYEX) detector (Faculty of Earth

Sciences, University of Silesia, Sosnowiec). Zida is a first mineral in succession.
Fergusonite, monazite, xenotime and zircon cryséall later. EMPA were carried out
using a Cameca SX-100 (Masaryk University, Brnoyeo the metamict state, the
analysis yield low totals (90-95 wt.% oxides). Tdwmmposition of studied mineral shows
a strong deviation from the stoichiometric comgositCazZrTO;. The Ca and Zr are very
low (0.07 and 0.58 apfu, respectively) and replabgdy (0.60 apfu), REE (0.32 apfu;

HREE>LREE), Sc (0.17 apfu) and U (0.12 apfu). Tlevdred Ti (1.23 apfu) is

compensated by Nb (0.21 apfu), Ta (0.09 apfu) amd (=36 apfu). Further studies are
necessary to elucidate substitution mechanismgtenstructural parameters.
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Unusual mineral assemblage in pockets of Ca-skarns at Moravské
Branice near Brno (Czech Republic) and its genetic implications

Dominik TALLAY, Zdenék LOSOS*

Department of Geological Sciences, Masaryk Unitigrkotla’ska 2, 611 37 Brno, Czech Republic

An unusual association of skarn minerals with éaagnounts of microcline and albite
occurs in pockets of small calcic skarns. Thesenskdorm small bodies in a lens of
pyroxenic gneisses rich in plagioclase §AAnzg), which represent the remnants of the host
rocks of the proterozoic Brno massif granitoids rbkoravské Branice village, South
Moravia.

Several stages of evolution of pocket associatibave been deduced from the
chemistry and position of the pocket minerals. Fle-grained diopside-hedenbergite,
which is omnipresent in the pyroxenic gneissesyiged the skarnization process and is
nowadays dispersed throughout the skarn bodiestlaid pockets. (2) The oldest skarn
minerals are represented by older grossular gameich formed together with large
amounts of quartz and some vesuvianite. (3) A yeurgeneration of pocket minerals
features garnet, richer in andradite componentchviis present as thin overgrowths on
older garnet crystals in pockets or as small imtligls. This garnet grew
contemporaneously with a younger generation of hieelgite, which overgrows older
diopsidic pyroxene in pockets. (4) The last procegsch was also restricted to pockets,
was most probably an infiltration of low-tempera&urydrothermal fluids similar to fluids
of Alpine paragenesis. In addition to the formatiohthe youngest minerals (mainly
microcline, albite, ferropargasite), the fluid alsaused an alteration of older skarn
minerals, mainly older garnet cores, the compasitibwhich is closer to the grossular end-
member, while the younger garnet overgrowth renshintact.

A concept for the younger stages of evolutionhaf mentioned skarns features among
others: the possibility of a significant time gagtween the evolutionary stages (3) and (4);
the "drying out" of the system in the final stagewolution, causing the preservation of the
andradite-richer garnet generation in pockets;rplss of SiQ in all fluid types.

Acknowledgement: This work was supported by the CBA research project
No0.205/07/1159.
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Sorption of the volatile hydrocarbon compounds by O ligocene clay
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Hydrocarbon compounds evaporating from petrolepittsscan be transported through
the unsaturated zone. Hydrocarbons sorbed to thmerali phase play an important role
within natural attenuation and hydrocarbon migmatigrocesses. Potential sorbents for
volatile hydrocarbons are carbonates, clay mineeald organic carbon. In order to
investigate natural attenuation processes, a dpeaiamn experiment was conducted in
a laboratory. Volatilization and sorption featuods39 hydrocarbon components have been
measured on dry soils during the long-time expenimé&/olatilized compounds were
analyzed using gas chromatography; whereas sorptiocesses were investigated using
mainly gas chromatography and X-ray diffraction noels. The results of sorption of
volatile compounds are presented here.

The liquid gasoline used in the experiment coadistf compounds up to;&at the
initial period. The heavier hydrocarbons have beariched in the liquid phase, due to
a volatilization of hydrocarbons having smallertear numbers. Depending on the mineral
composition of geological samples, 6,6-11,6% of terting quantity of liquid
hydrocarbon volatilized during the first three weelAfter half year and one year 27,7-
37,2% and 37,7-51,1% of the liquid fraction volagd, respectively. Quantity of
volatilized hydrocarbon compounds reached 50,0%50the end of the experiment.

The investigated clay was collected from the KisGay Formation, which is a well
studied and widely spread formation in the surréugsl of Budapest. Clay mineral fraction
of this clay contained smectite, chlorite, musceyvitlite, kaolinite, quartz, calcite and
dolomite. Carbon numbers of the sorbed componeeats n range of 7 to 14. The average
preferential hydrocarbon sorption order was théofahg: xylenes, G toluene, G, G,
Ci1, Cio, NG, benzene, G, MeCH, CH, G4 Quantity of the sorbed hydrocarbons increased
with decreasing distances from the source, chanigea composition also occurred
depending on variable distances. For example, & dase of 50 cm height column,
composition of the top layer consisted of mainlyexes (24%), toluene (19%), C19%),

Cs (13%) and G (13%). In the top layer of 200 cm height columime order of main
compounds was as follows;{324%), G, (23%), G (15%), G, (13%) and xylenes (8%).
Comparing the results of different analytical methdGC and XRD) an adsorption is
presumably the main sorption process.
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Characterization and re-evaluation of the “Apulian Marbles” (district
of Fasano and Caranna: south-eastern Murge; distric  t of Trani and
Andria: north-western Murge, Apulia, Italy)

Patrizia TUCCI*, Francesca STOPPONI? Claudio IMPERATORI®
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3 Via XXI Aprile 31, 02032 Passo Corese (Ri) (ltaly)

The research regards the “Apulian Marbles” studigely used in ancient times and
even now, to list a Technical Database file.

Mineralogical, petrographical, geochemical, patetogical, mechano-physical
analyses and ageing tests of the carbonatic ligstyppmestone and bio-chalky sandstone)
from the area of Fasano-Caranna and Andria-Tramé warried out to evaluate a correct
utilization of each material in a relation to thhade and to the resistance to the external
agents.

These results are necessary for restoration aesepration of historical and artistic

buildings constructed of the Apulian carbonatiotijpes.
In fact, it is well-known that a serious restoratiof monuments should not begin if each
feature of the materials, used for building purgo$ad not been studied. Today, like in the
past, lack of knowledge on characteristics of thatemals used increases an active
deterioration of the restored monuments.

The Apulian studied litotypes ar€occiolatg Mano fradicia Filetto rossq Caranna
(District of Fasano-Caranna)serpeggianti imperatorKF e Minerva, Mano grossa
Taddone and Massello(District of Trani-Andria). For all samples thellbwing analyses
were carried out:

- NORMAL recommendation:

petrographic, X-ray diffraction (Seifert-Pad 4; K¥, 30 mA), SEM, AFM, EPMA, and X-
ray fluorescence (XRF) analyses; loss on ignitio@I}: (H,O)" and (HO) determination,
CGO, content (calcimeter method), atomic absorptiorcspenetry to determine Na, K, and
Ca; NH,, SQ, and chloride determination: qualitative and gifative determination of
insoluble residue (IR) after powder chemical atteitk acetic acid.

- ASTM normative:

inhibition test, specific weight determination, pegation speed of elastic waves, weight
density determination, porosity determination, bearstrength uniaxial determination,
Poisson coefficient, modulus of elasticity in sheayeing test.
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Lazulite and Sr-, Ba-, Ca-, and K-rich phosphates-s  ulphates from
quartz veins in the Tribe € metaquartzites, Slovakia: compositional
variations and evolution
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The phosphate-sulphate mineralization hosted iartguveins in Lower Triassic
metaquartzites occurs over large area in the ¥Triits., Western Carpathians, Slovakia.
The mineralization comprises lazulite, Ba-, Sr-;,Gad K-rich phosphates-sulphates and
barite, in an association with muscovite, hemataegly rutile, chlorite and tourmaline. The
most widespread lazulite forms up to 10 cm largee lalggregates in massive quartz. EMPA
shows a relatively uniform composition with Mg/(Mge)=0.85-0.93 and locally elevated
F contents (max. 0.26 apfu). The Mdssbauer spectpysreveals 11-30 % EéFe,, in
lazulite. Goedkenite-bearthite s.s. shows the hgHeiown Sr contents worldwide:
Sr/(Sr+Ca)=0.67-0.71; whereas REE, Mg and Ba cdsitere low. Lazulite is replaced by
Ba-, Sr-, Ca-, and K-rich phosphates-sulphates:ceaixite, goyazite, crandallite,
svanbergite, jarosite and a phase close to (BaESt Al)s[(OH)s(PO)(SO)]
composition (Ba,Fe,P,S-phase). Gorceixite exhibitore restricted compositional
variations, between gorceixite-goyazite and goiteierandallite s.s.: Ba/(Ba+Sr)=0.73-
0.99, Ba/(Ba+Ca)=0.78-0.99. On the other hand, Sheand Ca-dominant phosphates-
sulphates show wide compositional variations anehpgiex solid-solution series between
goyazite-crandallite and svanbergite-woodhouseiith v&r/(Sr+Ca)=0.16-0.99 and (P-
1)/[(P-1)+S]=0.07-0.97. The K and Ba-dominant phps-sulphates occur along jarosite-
Ba,Fe,P,S-phase line with Ba/(Ba+K)=0.07-0.56, FefAl)=0.55-0.99, P/(P+S)=0.14-
0.57 and elevated Sr and Ca (up to 0.24 and 0.12, apspectively). The textural
relationships and deformation microstructures iatlican origin of the phosphate-sulphate
mineralization during Alpine low-grade metamorphigdrothermal overprint. The minerals
crystallized from aqueous solutions of theO-NaCI-MgCL-CO, system, with 17.2-19.8
wt.% NaCl eq. at minimum temperatures of 180-250T& dominantly epizonal values of
the Kubler index of muscovite (mean=0220, st. dev.=0.028) point to the peak
metamorphic temperatures of >300 °C.

Acknowledgement: This work was supported by the/&k Research and Development
Agency under the contracts APVV-0557-06 and APVWVOBB305.
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Tectonic meaning of the jadeite-blueschist, ophioli te, and radiolarite

exotics in flysch-mélange succession of the Western Kaczawa
Complex (the Sudetes)

Bolestaw WAJSPRYCH®

Institute of Geological Science, Wroctaw Univers&0-205 Wroctaw, ul. W. Cybulskiego 30; e-mail:
boleslaw.wajsprych@ing.uni.wroc.pl

The chaotic rock association containing jadeiteebthists, ophiolite-type basites and
ultrabasites and radiolarites as well has recebdgn described as theddzychowice
succession (Wajsprych, Achramowicz 2003). It isadiéd in the westernmost part of the
Western Kaczawa Complex at the boundary zone with Gorlitzer Schiefergebirge.
Geochemical characteristics of jadeite-blueschisdicates these lavas as basanite-
trachybasanite alkali basalts extracted from eedcimantle source WPB, having no signs
of crustal contamination, which may ascribe thentht® oceanic plateau (Achramowicz,
Wajsprych 2004). The presence of the ophiolite-tyfs@mafic rocks is noted by numerous
chromite grains in flysch-type mélange matrix. abbroic rock, forming a large exotic
body, shows a coarse-grained cumulate structurd) lmirge plagioclase crystals and
idiomorphic Fe-Mg minerals. An alteration of thétéa to chlorite, serpentine, talc, titanite,
calcite and opaque minerals indicates serpentinizaas the mechanism of alteration
(Wajsprych, Achramowicz 2003). The andesite-typekschave been found as large blocks
of massive and pillow lavas and volcaniclasticse Thlorite + zeolite + prehnite + quartz +
calcite paragenesis of these lavas indicates algerygrade metamorphisnx (L kbar and
~200C), not exceeding the degree of alteration of thklflysch matrix (Wajsprych,
Achramowicz 2003). Another exotics are radiolar@rerts. Some of them disclose the
middle Famennian age (Wajsprych et al. 2006).

Summing up, theedirzychowice succession can be interpreted as angetlaf some
rock-sets representing different tectonic doma(ins: subducted oceanic crust (the jadeite-
blueschist); (i) — a normal oceanic crust (ophétiype, unmetamorphosed basites and
ultrabasites) with its (iii) — volcano-sedimentacgver (unmetamorphosed, radiolarian-
bearing mudstones and cherts with andesite-typesivgasand pillow lavas and
volcaniclastics, which additionally disclose (iv)an island arc domain. Concluding, the
domains identified seems to offer a common andesiwe model of pre-Late Famennian
intra-oceanic subduction followed by post-Famenmigimumation.
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New mixed-framework silicates: (Rb,Cs) ¢Y;Si»sO¢; and isotypic
RbgY;Si»4O6s - syntheses and topology

Maria WIERZBICKA-WIECZOREK", Uwe KOLITSCH?, Ekkehart TILLMANNS'

Institut fir Mineralogie und Kristallographie, Uversitat Wien, Austria, e-mail: maria.wierzbicka@uie.ac.at
2 Mineralogisch-Petrographische Abt., Naturhistoliss Museum Wien, Austria

The two novel title compounds were obtained a$ glaa detailed study of the system
M =M ?*-)M *~-Si-O M ** = Na, K, Rb, CsM?* = Sr, Ba;M*" = Sc, V, Cr, Fe, In, Y,
Yb), with a focus on new microporous mixed-framekveilicates containing octahedrally
coordinatedv** cations.

The new silicates were grown using the high-temijpee flux-growth technique
(MoOz—based flux mixtures in Pt crucibles in alif;,x = 1150°C, cooling rate 2 K/A i, =
900°C). The crystal structures have been determfr@d single-crystal intensity data.
Both compounds crystallise as prismatic to neelégpsd, colourless crystals in space
group R3 with a = 28.819(4) / 28.799(4); = 13.916(3) / 13.864(3) Ay = 10009(3) /
9958(3) &, Z = 6,R(F) = 4.99 / 6.44%, respectively. They representhstructure type
with microporous character.

The asymmetric unit of (RRLCs67)Y 7Si»40e3 cONtains four mixed Cs/Rb sites, four Y,
eight Si and 21 O atoms. The connection of thr¢&)Sj and three Si(2)Ptetrahedra
results in a six-membered, corrugated ring; howethés "ring" is in fact a spiral composed
of corner-sharing Siptetrahedra parallel to theaxis. The Y(3)@ and Y(4)Q octahedra
are linked together via a common edge. The remgicorners are all shared with QIO
tetrahedra. Approximately parallel to [111] run tdifferent, irregular channels hosting the
Cs and Rb atoms. One of these channels ig 4Rl ¢7)Y +Si4Og3 is defined by a seven-
membered ring with a diameter of about 2.77 x 38%lelineated by six SiQand one
Y (1)Oe.

The only significant difference in R¥,Si,,Og3 is that the Rb(1) site is split into two
sites, with a Rb(1A)-Rb(1B) distance of 1.058(14)Alditionally, the two split sites, as
well as the Rb(3) and Rb(4) sites, are slightlystmngly disordered. The relatively high
R(F) value may be due to some unrecognised twinniatufe.

Acknowledgement: Financial support by the Austri@nience Foundation (FWF)
(Grant P17623-N10) is gratefully acknowledged.
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Gypsum-rich black crust on the Libi gz dolomite in Krakow:
Differences in dry and wet deposition dominated env ironments

WandaAWILCZYNSKA—MICHALIKl, Janusz LEKKI?, Marek MICHALIK?, Halina NIEZGODA?, Stanistaw
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2The Henryk Niewodnic#aki Institute of Nuclear Physics, Polish Academ@aiénces, ul. Radzikowskiego
152, 31-342 Krakow

3 Institute of Geological Sciences, Jagiellonian \imsity, ul. Oleandry 2a, 30-063 Krakow, Poland

4 Institute of Physics, Maria Curie-Sktodowska Unsity, Plac Marii Curie-Sktodowskiej, 20-031 LuhliRoland

Black gypsum-rich crusts which developed on theidzildolomite (Middle Triassic)
and were exposed to weathering in a relatively Igigiolluted atmosphere in Krakow
(Southern Poland) were studied. Samples were tetldn two contrasting environments —
from a wall subjected to rainwater washing (a wefpabition and dry deposition
environment) as well as from a wall sheltered fram (a dry deposition environment).

Gypsum with subordinate dolomite is present in lblaust from both environments.
Platy gypsum crystals form rosette intergrowthsthi@ black crust from the wall sheltered
from rainwater loosely packed agglomerations of sgyp crystals are also noted. In
samples from the wall sheltered from rainwater waslsoil-derived dust (quartz, micas,
feldspars) and anthropogenic dust is present aleitly a small amount of calcite and
whewellite. Authigenic, non-stoichiometric dolomit€protodolomite’) is present in
samples from a rainwater-washed surface wheredsgaunic calcite is present in samples
obtained from surfaces sheltered from rain. Thifedince suggests that dissolution of the
dolomite rock occurs on rainwater-washed surfad&fiewellite originates from the
metabolism of microorganisms.

Concentrations of various elements are differenlack crusts formed on rainwater-
washed surfaces and those sheltered from rainwBleir average values are: Fe — 0.45
and 0.84 wt%; Pb — 573 and 1401 ppm; Zn — 103323@ ppm; Ni — 27 and 83 ppm; Mn
— 872 and 1743 ppm; Cr — 225 and 426 ppm respégtikiigher concentrations of these
elements in the black crust found on wall surfasiesltered from rainwater are related to
a significantly higher amount of dust which is rarad by rainwater from these washed
surfaces.

The valuef 8*Sepr (1.88-5.75%0) and™®Ogyow (4.99-8.60%0) in gypsum from
both groups of samples are very similiiScor values are very close to those measured in
rainwater in Krakéw and generally are slightly leghhan in the gypsum from black crust
developed on the Jurassic limestone. The isotopiposition of S indicates that fuel
combustion is its dominant source. The lack ofedéhces in the O isotopic composition
can suggest that sulphate ion from aerosol is damtiim the gypsum in both environments.
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The enclaves from Ko $min granodiorite (Niemcza Zone)-their origin
and varieties

Agnieszka WINIECKA®, Anna PIETRANIK*

! University of Wroctaw, Institute of Geological &utes, ul Cybulskiego 30, 50-205 Wroctaw, Polandaé
agnieszka.winiecka@10g.pl

Granodiorites occurring in the Niemcza Zone (NE &wofan Massif, SW Poland)
represent igneous activity at ~340 Ma (Oliver etl&893) during the Variscan orogeny in
Europe. Hornblende—biotite granodiorite from theston quarry is medium-grained and
porphiritic and exhibit magmatic foliation and lateon defined by elongated aggregates of
hornblende and biotite. Two main types of enclaaes hosted by the granodiorite: (1)
dominating enclaves of monzonitic to granodiortienposition and (2) scarce and variable
metamorphic enclaves. The granodiorite is crodsgynplutonic lamprophyric dykes.

Our main aim was to characterize the dominatinglaames and their origin. The
enclaves are widespread in the SE part of the gyuéhey vary in size from ~4 to ~90 cm
in diameter with those 20-30 cm large being thetrabsndant. The smallest, centimeter—
sized ones occur in groups and sometimes gradesatitiieren. The enclaves have ovoid,
globular and lenticular shapes. Their foliation almtkeation are similar to those in
granodiorite. A continuous range of enclaves odoum fine-grained monzonitic ones to
porphyritic granodioritic ones, strongly resemblirtge hosting granodiorite. Only
occasional are monzodioritic, medium-grained eredanch in mafic minerals.

All enclaves consist of plagioclase, biotite, psgne, amphibole with alkali feldspar
and quartz occurring in the enclaves resemblinghth&t. Accessory minerals are apatite,
opaque minerals, zircon and titanite. Some enclavesrich in feldspar porphyrocrysts,
probably derived from the surrounding granodiorite.

The whole petrological spectrum of enclaves odogriin the Kémin quarry is
consistent with mixing between partially crystadliz granodioritic and dioritic magmas.
The suite of enclaves is an excellent example odngiprocess that most probably took
place before injection of the dioritic magma irtt@ granodioritic one.
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Amphibole compositional trends in alkaline rocks fr om the Polish
Western Carpathians

Roman WLODYKA', tukasz KARWOWSKI*
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roman.wlodyka@.us.edu.pl , lkarwows@wnoz.us.ddu.p

In the western part of the Outer Polish Carpathietween Bielsko-Biata and Cieszyn,
an occurrence of shallow sills of alkaline rocka b& observed. Their mineral composition
is relatively simple; the main phases are olivifexg,), clinopyroxene (diopside-
hedenbergite-aegirine), dark mica (phlogopite-béetinnite) and amphibole (kaersutite).
Among the light minerals, feldspar and nepheline dominant. The fractionation of
olivine, Ti-rich diopside, kaersutite and plagie#dacaused that the derivative magma
ultimately reached the stage of nepheline syeadioposition.

Na + K
00,7

O picrite
O picroteschenite
0.8 O theralite teschenits
O diabasic teschenit]

>

1.0
Mg 0.0 0.2 0.4 0.6 0.8 10e* + Mn

Fig. 1. Compositional variation of amphiboles ie the system Mg-(E&-Mn)-Na.

Two main compositional trends of amphiboles werantbin the alkaline rocks studied
(Fig. 1). In picrite and picroteschenite, amphilsotange in composition from kaersutite
and ferrokaersutite through Mg-hastingsite, Mg-gatarite to richterite (evolution at low
foo). Amphiboles in teschenite sills range from kattstferrokaersutite through hasingsite
(early magmatic stages) to taramite/katophoriteerélite teschenite, trend 1a) or Fe-
richterite and arfvedsonite (diabasic tescheniesrlb at higlfy,, late magmatic stages).
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Fe-skarn mineralization in Saheb area, NW of Iran
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Saheb iron deposit is located in the northeaSagfhez in Sanandaj- Sirjan geotectonic
zone, NW of Iran. Saheb Fe-skarn developed alorgctintact of Saheb intrusive body
with carbonatic rock. Intrusive body, which is camspd of granodiorite to monzodiorite,
intruded into volcanoclastic rocks and Permian &toees (Routeh Formation). Most
structures in this area have East - West trendinthraineralization follows this trend. 70
polished sections and 30 thin sections were andlge¢rographically. We also analyzed 10
samples by XRF for petrological purposes. The tesshow that major rock forming
minerals of the intrusive rocks are plagioclasefglispar, amphibole, quartz, biotite. The
minor minerals include garnet, clinopyroxene, d@patind chlorite. The main alteration
minerals are sericite, epidote, clay minerals, itdoand calcite. Based on mineralogical
and geochemical analyses these are I-type calalmkintrusions.

The main ore minerals are magnetite and hematitehvare formed by magnetite
oxidation and decrease by increasing of depth omeenalization. Fe-mineralization
consists of lenses, up to 10 m thick. The 50 tresahples were analyzed for S, P, Fe (t),
FeO, and 280 diamond drilled hole samples wereyaedlfor S, P, FeO, b®;, Au, Cu,W,
Sn, CO, MnO, SiQ and CaO. All samples were analyzed by General Ghatmistry
method (GEN). The results showed average contefeof51.72%, Cu: 0.35% and Au:
0.038 ppm for these samples. This ore deposit habreserve of 3.2Mt with an average
grade of 50 percent Fe (total).
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Chromites from serpentinites of lelova Metamorphic Sequence (South
Carpathians, Romania)

Luminita ZAHARIA', Ferenc KRISTALY?

'Babg-Bolyai University, Department of Geology, 1 Kbtdceanu St., 400084 Cluj Napoca, Romania.
Izaharia@bioge.ubbcluj.ro

2 University of Miskolc, Department of MineralogydaGeology, H3515 Miskolc-Egyetemvaros, Hungary.
askkf@uni-miskolc.hu

The lelova Metamorphic Sequence (IMS) is locateth&n south-western Romania. As
part of the South Carpathians, the IMS represdmsntost western area of Danubian
Domain in the region. Lithologically, it consistsaimly of amphibolites and gneisses with
garnet and biotite. Isolated lizardite-dominantpsetinites bodies crop out in its western
part.

Chromites within serpentinites from the IMS wertudéed from mineralogical,
morphological and chemical points of view by meaheptical microscopy, back scattered
electron imaging (BSE) and energy dispersive spewtry (EDS). The grains show signs
of strong alterations.

The core of the relict chromite crystals is chtgdzed by a geometrical arrangement of
chlorite lamellae forming a network of narrow chalsncrosscutting mostly at 90° and
120°. This is due to the pseudomorph replacemerigfe-rich twin lamellae of the
primary chromite. Magnetite-dominant rims, with annsymmetrical arrangement of
chlorite veinlets, surround the chlorite-chromiteusture. Clinochlore is also identified,
mostly confined to the chromite relicts, but casoabe related to large primary magnetite
grains.

The unaltered parts of chromites have a low Mgemn(<5%), as shown by EDS. The
decrease in the Fe content is associated withaeaase in Al, while the Cr content remains
constant. This chemical composition indicates awctite-hercynite solid-solution with low
magnesium content.

These characteristics point to an initial, ordetmical zoning of the chromite
crystals, with uneven distribution of Mg, which eehined chlorite growth during
alterations.
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Loparite decomposition in the late stage of evoluti on of alkaline melt:
evidence from titanosilicates melting experiments

Victor Anatolevich ZAITSEV?, Lia Nikolaevna KOGARKO?, Leonid Davidovich KRIGMAN*
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Loparite (Na,Ce,CalTi,Nb),O¢ is a principal ore mineral of the Lovosero rareahe
deposit. Our study has demonstrated that loparite lme replaced by other minerals during
late stages of high alkaline magma evolution. Werehaecognized seven mineral
assemblages formed after loparite (Kogarko et@02®. All of them contain titanosilicates
(mosandrite, lamprothyllyte, barytolamprophyllitahd phosphates (monazite, Sr-apatite,
vitusite, belovite) or silicophosphates (vuonnerrid@onosovite, stenstrupine).

Melting of three titanosilicates was experimentatudied. It has been founded that
they melt incongruently: lamprophyllite melts witbrmation of a melt, nonstechiometric
tausonite((Sr,Na)TiOs,), rutile (TiO) and freudenbergite (NE& . xTig:xO1e);
barytolamprophyllite melts with formation of a meltausonite, Ba-Fe titanate and
titanosilicate of strontium and barium; lomonosevitmelts incongruently with the
formation of perovskite-lueshite solid solutiongittenbergite and two immiscible liquids:
silicate and phosphate (NAe2+yPO4) melts. The tausonite and perovskite-lueshitedsoli
solution are the loparite analogs. The experimshtsv that melting of titanosilicates may
be a model of loparite decomposition.

The separation of the lomonosovite components satb(phosphate) and silicate parts
allows us to assume that silicophosphates can bmefb through interaction between
loparite, immiscible silicate and salt (non-silieatmelts. This interaction may be
schematically described as:

2NaMé&*PO,+2(Na,REE) TiQ=NaPO,+REEPQ+2Me” TiOs.
NagPO,+Me* TiO3+nSi02+H0->(Me*)5(POy)3(OH)+NaTi, Si,Op2+2y+22)
NaPO,+REEPQ =NaREE(PQ),
nNasPO4+Na<TiySizO(x/2+2y+22):Na<TiySizO(x/2+2y+22)*nNa3PO4

Variations in composition of minerals in the pseadrphs after loparite are probably

due to the evolution of residual melt.
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Chemical composition of the glass phase from meltin g crucibles
(Mecéova Street, Brno)

Blanka ZAVODNA', Miroslava GREGEROVA®, Jaromir LEICHMANN®

!Institute of Geological SciencesiP Masaryk University, Kotlgka 2, 611 37 Brno;
blanka.zavodna@centrum.cz

Two medieval melting crucibles from Nava Street in the historical centre of Brno
were studied in order to determine the nature wfmaterials and the technological aspects
of their production and use. The samples were aadlysing optical microscopy and SEM.

Heterogeous glass was found in the first sampte glass forms a thin layer on the
surface of the crucible. The major components df@, $50.39-67.38 wt. %), AD;
(12.01-27.34 wt. %) and CaO (5.0-19.6 wt. %). Téwitic crystal phases are formed by
the long columnar to needle-like augite and wotlagte. It also contained relicts of
primary quartz and plagioclase. Fe and trace arsafriZn, Cu and Ti were the only found
metal phases. Traces of Zn and Cu in the glasedtelpossible melting of copper or brass.

The second sample includes also heterogenous, glddsh appears mainly on the
surface. This glass is depleted in §i34.96-41.12 wt. %) and rich in CaO (16.71-36.37
wt.%). The contents of alkalies {& 0.59-5.55 wt. %, N® 0.91-2.63 wt. %) are similar
to the first sample. The glass contains tracesrof Zu and Co and Ni as well. On the
contrary, this melting crucible is full of drops cwatings of metal copper and its secondary
minerals. Fe-rich spinel, garnets and kaliophdite restitic phases.
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To the problem of phase heterogeneity of quartz of sedimentary and
metamorphic genesis

IGOR VLADIMIROVICH ZHERNOVSKY?, VALIRIA VALIRIEVNA STROKOVA®, VALIRIY
STANISLAVOVICH LESOVIK!

Belgorod State Technological University named ait€.Shoukhov, Russia, 308012, Belgorod, Kostyukioy
46.PLATON@intbel.ru.

Raw quartz from deposits of different sedimentand anetamorphic genesis is a
traditional stuff for building materials and comfesbinder production. Mineralogical
investigations of this raw material usually corsist determining its chemistry and grain-
size characteristics. We have measured a variafostrength properties of composite
binders manufactured on the basis of fine-groundldw cement, when quartz of different
deposits, localized in sedimentary and metamomuiuks, was used (Strokova et al. 2007).

To define the reasons of the variation of strertbperties, XRD investigations of
quartz were conducted with the purpose of reveatmghase heterogeneity. Analysis of

asymmetry of thex-quartz (100) and (101) reflection profiles suggetsiat all samples
consist ofd- andf-quartz. Quantitative phase and micro-structurdyaisaon the basis of
the Rietveld method showed concentration variatfonsi-quartz in the range 65-95 wt.%
and 5-35 wt.% fof3-quartz. The FullProf and MAUD programs (Rodrigu@arvajal 2000;
Lutterotti 2006) were used for the analysis. Maximwconcentration off3-quartz is
determined in quartz meta-sandstone of greendeluists. The average crystallite size <D>
for a-quartz is 60 nm, foB-quartz 15 nm.

Strength properties of the composite binders madthe basis of quartz raw materials
are in direct relation to the concentratiorflefuartz.

The investigation of changes in phase compositfaquartz during mechanic activation

desintegration in vibration mill showed monotondosrease off3-quartz concentration
against activation time.
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Fe-Ti oxides in the Tertiary volcanic rocks fromt  he Lower Silesia
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The Tertiary silica undersaturated, alkaline rooksur in the area of Lower Silesia
forming eastern ending of the Central European &fultc Province. Basanites, nephelinites,
alkali basalts dominate; others lithological types less common. Major minerals in these
rocks are: clinopyroxenes, plagioclases, olivimephelines, and Fe-Ti oxides.

Were obtained ca. 500 analyses of chemical coitpo®f Fe-Ti oxides using SEM-
EDS method. The main Fe-Ti oxide is Ti-magnetitdiiclw is presents in all studied
samples. limenite occurs occasionally forming etiohs in Ti-magnetites. Exolutions of
ilmenite in Ti-Fe spinels are common in igneousksoc

Two types of exolutions were noted in the studiecks. One of them is “sandwich”
exolution, were lamellae of ilmenite are interledmetween lamellae of Ti-magnetite. In
the second type lamellae of ilmenite are formedhat external edges of Ti-magnetite
grains. Both of those types of exolutions can based by oxidation of ulvospinel
component in Ti-magnetites in time of magma caplifhe second type can originate
during simultaneous crystallization of ilmenite drelTi spinel.

Specific distribution of Cr can be observed inlgsad samples. In the Ti-magnetite
lamellae content of Cr is much higher (ca. 0.6 W€¥%0Os) than in ilmenite (usually below
the detection limit). This relationship can be cected with segregation of Cr in exchange
reaction during exolution.

Clinopyroxene or olivine inclusions occur oftenTinmagnetite crystals or in two-phase
Ti-magnetite and ilmenite grains. The oppositeatian can also be found i.€i-magnetite
inclusions in clinopyroxene or olivine phenocrydiaring fractional crystallization, when
the activity of oxygen is at the constant levemitaneous crystallization of Fe-Ti oxides
with olivine and next Fe-Ti oxides with pyroxenepisssible.
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Evolution of physical processes in an actively defo rming magma
chamber: the Jizera granite, Bohemian Massif
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3 Czech Geological Survey, Klarov 3, Prague, 11&ch Republic

4 Czech Geological Survey, Geologicka 6, Praguep@5Zzech Republic
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In the porphyritic Jizera granite, Bohemian Masgifagmatic fabrics and mafic
schlieren were examined in an underground tunneleath of up to 140 m below the
surface. Computer-based image analysis of K-feldsphenocrysts (traced from
photographs) along 200 m long section of the tuneetaled complex variations in fabric
orientation and intensity, where domains of homegeis fabric alternate with random
phenocryst alignment at the scale of meters to tfnsieters. Phenocrysts also follow
a “wave-like” trajectories with a meter-scale warajth in some places. This large-scale
K-feldspar fabric pattern is cross-cut by varioushaped meter-scale channels delineated
by biotite schlieren. These structures presumatriyméd during laminar magma flow along
channel-like domains, localized within the highesigth framework of interlocked
phenocrysts. After the cessation or decelerationhainnel flow, gravity-driven processes
operated within the flow channels.

The above interpretations were corroborated by dleetron backscatter diffraction
(EBSD) method, which indicates multiple but distinattice-preferred orientations of
biotite grains in the schlieren-bearing magmaticucttres, interpreted as reflecting
velocity-gradient laminar flow and grain-scale dgtgdriven movements of non-
Newtonian magma. The complexity in the K-feldsp&emocryst fabric and schlieren-
bearing magmatic structures contrasts with homamgnerientation of magnetic fabric of
the host granite (carried by coaxial contributidnmagnetite, maghemite, and biotite), as
revealed by the anisotropy of magnetic suscepibitiethod (AMS). Magnetic foliations
are steep and strike ~NW-SE, magnetic lineatiopssabhorizontal and trend ~NW-SE
along the entire examined section of the tunnel.

We interpret that the above data record the faligvevolution of physical processes in
the Jizera granite magma chamber at multiple sc@leamber-scale magma mixing and
hybridization, as suggested by recent petrologidiss, was replaced by complex laminar
flow of highly viscous phenocryst mush (recordedly K-feldspar fabric). After locking-
up of the phenocryst framework, magma flow becaigély localized to the meter-scale
schlieren-delineated channels. Finally, differdn{t@ctonic?) stresses were transmitted
across this highly solidified portion of the magoi@mber, resulting in the homogeneous
reorientation of magnetite and biotite grains ie thterstitial melt pockets and films, as
recorded by AMS of the host granite.
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Strzegom-Sobotka massif (Sudetes, SW Poland) - ane xample of a
complex late-Variscan granitic intrusion and its pe gmatitic
mineralization
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Abstract: Since the XIX' century the Strzegom-Sobétka granitic massif garéed as one
of the classical occurrences of intragranitic miiooand vein pegmatites famous for their
complex hydrothermal mineral assemblages. Theisontended to present the participants
with the recent state of knowledge on various aspet magmatic and postmagmatic
evolution of these pegmatites and the host grarfilé@seralogicalclou of the trip are visits
to working quarries providing the unique opportyrif collecting fresh samples.

Key-words: REE pegmatites, miarolitic pegmatites, geochrogylomagma evolution,
hydrothermal alterations, granite, Strzegom-Soh&kemletes

Introduction

The Strzegom-Sobétka massif is a large centrerafig mining with well over 60
active quarries producing most of granitic and $plak raw material mined in Poland. It is
situated in the central part of the Fore-SudetimcBIforming an about 50 km long and up
to ca. 20 km wide NW-SE elongated zone (Fig. 1).

The massif is a composite intrusion divided inteo tdistinct parts separated by
a regional fault (Majerowicz, 1972; Puziewicz 199Dhe western part is composed mainly
of hornblende—biotite monzogranite (see point 2hvsiubordinate biotite monzogranite
while biotite granodiorite and two-mica monzograniuild the eastern part together with
minor bodies of tonalite and alaskite. Following Barbarin’s classification of granitoids,
the monzogranites of the western part belong tacK-calc-alkaline series, the biotite
granodiorite is an amphibole-rich calc-alkalinergtaid and the two-mica monzogranite
should be classified as a muscovite-bearing pelialus granitoid.

Igneous activity in this area occurred in the Upparboniferous-Lower Permian. Most
of the granitic bodies and associated pneumattijtdrothermal mineralization formed at
ca. 310-294Ma (Turniak et al. 2005; Mikulski & $teP007). The older age of 324+7Ma
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(Rb-Sr method on biotite) was reported only for th®-mica monzogranite (Pin et al.
1989) and is put in question by recently obtainedafpronological data (see point 3).

The two parts of the massif differ in the amoumd aharacter of postmagmatic products
as aplites, aplogranites and pegmatites. The weptat shows features of a shallow level
intrusion and abounds in miarolitic pegmatites, ezbipegmatitic veins, pegmatitic pods
and schlieren as well as aplites. Among minerategiad mineral collectors the Strzegom-
Sobdtka massif is renowned for the wealth of welloped crystals yielded by the
miarolitic pegmatites (see point 2). Relativelynpitive pegmatitic pods and veins and
scarce aplites occur in the eastern part (see Bhint

This composite character of the pluton is expldibg multiple intrusions of two (Kural
& Morawski 1968; Majerowicz 1972) or four differemiagma batches (Puziewicz 1985
fide Puziewicz 1990; Pin et al. 1989) that produaestiite of various rock facies. Evolution
of the granitic magma in the western part of thessifawas governed by fractional
crystallization coupled by mixing with small ponti® of more basic magma (Dofiska-
Siuda 2007).

[:] GRANITES UNDER COVER
I:I HORNBLENDE-BIOTITE MONZOGRANITE
- BIOTITE MONZOGRANITE

- TWO-MICA MONZOGRANITE

]::[ BIOTITE GRANODIORITE

/ FAULTS

o0 FIELD-TRIPSTOPS

) : e .‘\ adedlimowics
FORE-SUDETIC “ e T
BLOCK e A

"y

Fig. 1. Simplified geological map of the Strzegoob8&tka rﬁ.assife(fter Majerowicz 1972;
Pin et al. 1989).inlet. 1 — Kaczawa complex, 2 — Roztoka-Mokrzeszéw thougy— Gory
Sowie massif, 4 Sleza ophiolite, 5 — low-grade metamorphic rocks, @rz&jom-Sobotka
massif.

Hydrothermal alterations of the Strzegom-Sobdétkaniges were simultaneous with the
last stage of their formation. Hot, mineralizeddhipenetrated the rocks destabilizing local
thermodynamic equilibrium, altering the primary magic minerals and depositing
primary hydrothermal phases (see point 1).

Stop 1. Boréw 17 quarry

The hornblende-biotite monzogranite and accompanypegmatites in Borow are
described in details at stop 2. However the quafffgrs also a possibility to observe
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intensive hydrothermal alterations of the rock gtezuk 2000a, 2000b). A representative
80 m brittle shear zone is exposed in the northeath, which is cut by many veins with
hydrothermal minerals. The shear zone of similaealion crops out also in the nearby
“Lubelski” quarry. The altered granite may be deddinto a suite of macroscopically
distinct types with varying mineral composition F2). Also their chemical composition
changes with increasing influence of hydrotherrhads.

The SiQ and NaO contents decrease whereasland KO rise. Calcium was
removed from the altered granite due to plagioclagEomposition. Although no
hydrothermal Ca-mineral crystallized, traces ofcicah are held in small but frequent
apatite grains. Iron, released mainly from biotisepresent in chlorites and pyrites. Trace
elements as Cr, Nb, V, La, Rb, Nd, Y were relativiehmobile during the hydrothermal
alteration. However the amount of Ba, S and Cueased while Zn, Pb and Sr decreased.
The rock volume generally decreases with progresalteration (Ciesielczuk 2000b; Fig.
2).

There is no apparent relation between the hydrothkassemblages present within the
shear zone described and the pegmatites, whickxpased in this quarry.

Stop 2. StrzegoniZoétkiewka, ,Andrzej” quarry

The active “Andrzej” quarry aZoétkiewka (Pilgrimshain) exposes hornblende-biotite
monzogranite, the predominant rock type of the egfom-Sobdtka massif. The light grey,
equigranular, medium to coarse-grained rock with-dimectional fabric exhibits locally
porphyritic texture with large alkali feldspar ploenystals. It consists of perthitic
microcline, zonal plagioclase (rim Agy; core An.4g), quartz, hornblende (ferrohornblende
and ferrohornblende-tschermakite) and dark micde(sphyllite-annite). Zircon, apatite,
allanite, sphene, rutile, monazite, xenotime andqoe minerals are accessory phases. The
granite contains many mafic microgranular encla®8IE) and xenoliths. Comparing to
the host granite the MMEs differ in mineral propams and show the composition of
diorite, quartz-diorite, tonalite and granodiorifécarce plagioclase and/or alkali feldspar
phenocrysts have been mechanically introducedti@@nclave. Locally the enclaves show
chilled margins and in the marginal parts their poments grew outward into the granite.
On the other hand the granite constituents preséypical “inward” growth morphology.
All the MMEs show magmatic textures and hybridiaatsignature is common. The main
process responsible for enclaves evolution wag tteitamination by granitic melt at the
early stage of granitic magma evolution (Ddiska-Siuda 2007). The country-rocks
xenoliths, mainly hornfelses and schists, are dfne-grained rocks with metamorphic
textures. Size of the xenoliths varies rangingadglty between 5 and 20 cm in length. They
have irregular shape and display sharp contactsthét host granite.
The granite of this area shows features typicalstuallow-level intrusion of water-rich
magma: abundant miarolitic pegmatites, pegmatitiny and pods, aplites, numerous
schlieren of dark minerals, load structures andll@onvection chambers (Janeczek 1985;
Puziewicz 1990). The rock also varies in grain sizé the amount of dark components.

The first written records about regular graniteimg activity near Strzegom dates back
to 1689. The mining industry flourished particuaih the 19" century when a number of
quarries (still active) were set in the area. lbl@d the common interest in local minerals
retrieved for many public and private collectioridany localities as e.g. Grabina,
Pielgrzymka, Strzegom, Wzgd6rze Wiatraczne and W\Wgrgoérze (German names: Graben,
Pilgrimshain, Striegau, Windmihlenberg and Fuchgberbecame famous as typical
examples of mineral crystallization in granitic naiitic pegmatites. In 1924 Kalb gave the
nameStriegauto a pseudotetragonal habit of some microclinstaty dominated by (110)
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and (101) faces with well-developed (010), (0019 &201) faces. In 1868 Websky, on the
other hand, used a Latin versionStrigoviato name a certain Fe-rich chlorite variety
(strigovite), discredited later as a valid species (Janec8&)1 About 80 mineral species
have been recognised in the Strzegom pegmatitizs §bab. 1).

plagioclase | XXX
microcline XX | XXX XXX XXX XXX XXX XXX XXX
quartz XXX XK XXX X XXX XX XXX XX
biotite X
albite XXX XX XX XXX XXX XXX XXX
post-biotite chiorite [ x | X X x X x X
spherolitic chlorite x x x X X XX X
muscovite X XX
pyrite X X X X X

VOLUME

vn T R T R e T R

UNALTERED
SRANTE HYDROTHERMALLY ALTERED GRANITE

Fig. 2. Progressive hydrothermal alteration of btende-biotite monzogranite in Borow
17 quarry (sample 843 on the left). Changes in mineomposition and rock volume are
shown. Crosses indicate the amount of the minarété sample: XXX — more than 25%,
XX = 25-10%, X — 9-1%, x — less than 1%.

The miarolitic cavities occur either isolated ire thranite mass or are associated with
networked aplogranites. The first are often of misgpherical shape with the flat bottom
and may reach the size of a few meters, thoughllysiieir dimensions range between
a few to less than 50 cm. The cavities are surredrgly successive zones of euhedral
crystals, graphic quartz-feldspar intergrowths aptitic envelope. The zone of euhedral
crystals may be replaced by blocky K-feldspar véthoky quartz core. The networked
miarolitic pegmatites contain closely-spaced casitvhose dimensions rarely exceed 1 cm.

Initial stages of pegmatitic formation were donéth by crystallization of quartz,
microcline, albite, oligoclase, biotite and musdtewvith many accessory phases, e.g. beryl,
garnet, gadolinite, zircon, monazite, xenotime, Rikles etc.
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Tab. 1. List of minerals identified in the pegmesiof the western part of the Strzegom-
Sobotka massif (compiled from the literature).

native elements
bismuth
sulphides &
sulphosalts
bismuthinite
chalcocite
chalcopyrite
cosalite
covellite
enargite
galenite
marcasite
molybdenite
pyrite
pyrrhotite
sphalerite
vallerite

oxides &
hydroxides
cassiterite
cryptomelane
(Y)-fergusonite
(Y)-formanite
(Y)-tantalaeschynite
goethite
hematite
magnetite
uraninite
halides

fluorite

(Ce, La)-fluocerite
carbonates
(Ce)-bastnasite

bismutite

calcite
siderite
(Ce)-synchisite
malachite
phosphates
apatite
monazite
xenotime
tungstates & molybdates
wolframite
scheelite
wulfenite (in press)
silicates
albite
(Ce)-allanite
apophyllite:
pseudomorphoses of
calcite/siderite+fluorite
babingtonite
bavenite
beryl (including
exceptionally rare heliodor
and aquamarine)
biotite: lepidomelane
celadonite
chabazite
chamosite: Fe-rich
chrysocolla
cordierite
epidote-clinozoisite
fayalite: Mn-rich
ferroaxinite

(Y)-gadolinite

genthelvite-helvite
greenalite
grunerite: Mn-rich
heulandite
hornblende: Mn-rich
hastingsite
laumontite
microcline
milarite
minnesotaite
montmorillonite
muscovite
nontronite
oligoclase:
pseudomorphose
s of albite
phenakite
prehnite
(FE)-pumpellyite
quartz
scherlite-dravite
scolecite
spessartite-
almandine
stilbite
thorite
thortveitite
titanite
topaz
zinnwaldite
zircon
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The richest assemblage is related to the hydnothlerstage with two different
paragenesis: Ca-rich and alkali-Fe-rich (Janecz®B51 Janeczek 2007). They are
antagonistic and remain separated spatially eveenwiiiesent within a single cavity. The
first is characterized by epidote, Fe-chloritesni, bavenite and fluorite (combination of
{111} and {110} forms) +/- laumontite while cleavidite, stilpnomelane, milarite,
tourmaline, zinnwaldite and fluorite (mainly {1119rm) are diagnostic for the latter. Their
mineralogical composition became unified in low-parature with the crystallization of
zeolites. The cavity may be partially or completillgd by carbonates or clay minerals.

Epigenetic assemblage comprise such minerals dachii@, chrysocolla, goethite,
covellite and cryptomelane.

Fig. 3. About 2.5 cm Iong' /crystals of sceptre qudrom Siedlimowice (after Michalik,
1997).
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Inverted metamorphic zonation, contact metamorphism and ore
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Abstract: Thrust units and metamorphic zonation of the Eetope of the Karkonosze
Granite: MP/MT lzera-Kowary Unit (orthogneisses,caischists); HP/HT S-Karkonosze
(blueschists) and Leszczyniec (bimodal igneous dexyp units. WP and MOR
palaeotectonic settings. Blueschist facies metahismp and greenschist-facies overprint.
Tectonic suture and regional context within the &ofan Massif. Contact metamorphism,
mineralization and ore deposits. The Intra-Sud&aalt Zone = contact between the
Karkonosze-lzera Massif and the Kaczawa Unit. Gaigm.
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The Karkonosze-lzera Massif (Ryszard Kryza)

The Karkonosze-lzera-Massif (Fig. A 2-1) compriies Variscan Karkonosze granite
and its Neoproterozoic-Palaeozoic metamorphic epeel

Several lithostratigraphic and tectonic subdivisiohave been proposed for the
metamorphic series of the IKB (see overview in @Heriedzicet al, in print). In the
tectonic scheme developed by several authors (MB29%, Kryza & Mazur 1995, Mazur
& Kryza 1996, Mazur and Aleksandrowski 2001), aretently modified by Oberc-
Dziedzicet al. (in print; Fig. A 2-2), the metamorphic envelodettee Karkonosze granite
is interpreted as a pile of four thrust units shayvidifferent lithostratigraphy and
metamorphic evolution (from bottom to top): (I) theera-Kowary, (2) Je&t, (3) South
Karkonosze, and (4) Leszczyniec units.

The granitic protoliths of the Izera gneisses waaed by various methods at 515-480
Ma (see overview in Oberc-Dziedzt al, in print). The Kowary and Karkonosze gneisses
have similar ages of around 492 - 481 Ma (U-Pb a@Q#ger et al. 1993), and of 501.5+1.1
- Ma 503.2+1 Ma¥’PbF°Pb mean ages, Krénet al. 2001), respectively. The Izera and
Kowary gneisses are accompanied by the ca. 10Q@iak $chist series of the Velka Upa
Group (Fig. A2-1).
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The lzera-Kowary Unit experienced progressive MP-Metamorphism, up to the low
amphibolite facies conditions, locally overprinteg contact metamorphism caused by the
Karkonosze intrusion (Kryza & Mazur 1995).
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Fig. A 2-1. Geological sketch map of the Karkonekaga Massif (Oberc-Dziedziet al.
in press). KIM — Karkonosze-lzera Massif. Inset mapZ — Elbe Fault Zone, ISF — Intra-
Sudetic Fault, MGH — Mid-German High, MO — Moldam Zone, MS — Moravo-
Silesian Zone, NP - Northern Phyllite Zone, OFZ -dr® Fault Zone, RH -
Rhenohercynian Zone, SBF — Sudetic Boundary F&Xt— Saxothuringian Zone, TB —
Tepla-Barrandian Zone. Rectangle shows the positiddiM in the Bohemian Massif.

The Jedtd Unit is a small fault-bounded element exposetth@tSW edge of KIM. It is
composed of Middle - Upper Devonian and Lower Carteoous metasedimentary rocks
subjected only to very weak, medium-pressure metphiem (Mazuret al. 2006, and refs
therein).

To the south and east, the Izera-Kowary Unit plegrigelow the South Karkonosze and the
Leszczyniec units (Fig. A 2-1). The South Karkoreghit is formed of a several hundred
metres thick sequence of Ordovician to Devonian({®tasedimentary rocks (Chlupa
1997), with minor intercalations of greenstone drabase. The upper part of the sequence,
stretching along the southern margin of KIM, corepsi metavolcanic rocks, including
basic lavas and volcaniclastics of P-MORB affifieand felsic rocks of within-plate
geochemical signature (P&ka & Hladil 1998). The lowermost Ordovician basic
metavolcanic rocks (dated BRb-2°Sr method; Bendét al. 1997) preserve records of early
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blueschist facies metamorphism (Kryza & Mazur 1888 refs therein) of around 360 Ma,
followed by greenschist overprint at ca. 340 KPA(-**Ar ages; Maluski & Pattka 1997).

INTRA-SUDETIC BASIN
Molasse (L. Carboniferous)

LESZCZYNIEC UNIT

(L. Ordovician, ca. 500 Ma)
MORB type metabasites
Relatively HP-LT metamorphism

SOUTH KARKONOSZE UNIT
(Ordovician?- Devonian?)

WP & MORB-type metabasites
HP-LT metamorphism

JESTED UNIT
(Devonian - L. Carboniferous)
Low-grade metamorphism

IZERA - KOWARY UNIT:

VELKA UPA GROUP
(Neoproterozoic? - Ordovician)
MP-MT metamorphism
GNEISS GROUP

Izera, Kowary, Karkonosze
orthogneisses 500 Ma
CADOMIAN BASEMENT
Lusatian granodiorite 540 Ma
Lusatian greywacke 560 Ma

graphite quartzites

metasandstones
metagreywakes

felsic metavolcanics  [eetd metaconglomerates

clastic sediments

mafic metavolcanics

orthogneisses phyllites
granitoids E= micaschists
marbles = flysch & greywacke

Fig. A 2-2. Simplified tectonostratigraphic colunaf rock complexes composing the
Karkonosze-lzera Massif (from Oberc-Dziedzet al, in press, after Mazur &
Aleksandrowski 2001, modified).

The Leszczyniec Unit in the eastern part of KIMars Early Ordovician (U-Pb zircon
ages 494+2 Ma, Oliveet al. 1993, and ca. 490 Ma, Baalgki & Smulikowski 2005)
metaigneous complex composed of fine-grained smestind medium-grained massive
metabasites, felsic gneisses and metadiorites. robtles of the Leszczyniec Unit show
geochemical characteristics of N-MORB (Krye& al. 1995, Winchesteet al. 1995),
except for the metadiorites that are similar t@nslarc (Nagbski 1980) or crustally-
contaminated rift-related magmas. The rocks of ltkezczyniec Unit might have been
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emplaced in an extensional rift setting, althougb bbserved large proportion of felsic
rocks seems to preclude a mature oceanic rift &etzal. 1995). The rocks experienced
relatively HP and MT metamorphism (Kryza & Mazur959.

P

10 kb- PK
1

pre-D, ‘» K

[
I
0 1 D,
N . s00°C T

Fig. A 2-3. Simplified P-T metamorphic paths foettectonic units of the eastern cover of
the Karkonosze pluton. The shaded rectangle remiesbhe P-T field of the contact

metamorphism. PK — South Karkonosze Unit, L — Legaec Unit, K — Izera-Kowary
Unit (after Kryza & Mazur 1995).
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The four structural units described have beenrpnéted as elements of the nappe
structure of KIM (Mazur 1995, Mazur & Kryza 1996 alvlr & Aleksandrowski 2001, but
see also other interpretations by Sestbal. 2000 and Kozdrégt al. 2001). According to
Mazur and Aleksandrowski (2001), the lzera-KowaryitlJtogether with the Lusatian
Massif adjacent to the NW (Figs. A 2-1 and 2), esent the pre-Variscan continental
basement of the Saxothuringian basin. The verydoage metamorphic rocks of the JeSted
Unit correspond to the sedimentary infill of thiasin. The JeSted Unit is tectonically
sandwiched between the underlying basement rockheoflzera-Kowary Unit and the
overlying South Karkonosze Unit. The South Karka®oblnit is, apparently, composed of
a number of smaller thrust sheets or slices, shpwitutually similar structural and
metamorphic histories (Mazur 1995, Kryza & Mazur93® The two uppermost units
(South Karkonosze and Leszczyniec units) show edeeof, respectively, high and
moderately high P/T metamorphism (Fig. A 2-3), tlinesng evidence of overthrust and
inverted metamorphic zonation (Kryza & Mazur 1993he blueschist facies rocks,
together with the MOR-type metaigneous rocks inupper units may delineate a major
suture after the closure of an oceanic domain betwihe Saxothuringian and Tepla-
Barrandian crustal blocks (Sesteh al. 2000, Aleksandrowski & Mazur 2002, Oberc-
Dziedzicet al, in press).
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The nappe pile is intruded by the Karkonosze geapiuton. The granite was emplaced
shortly after magma generation, probably duringdkinsional collapse, that corresponds
to the final phase of the [eformation in West Sudetes Mazur (1995). Theogetnesis
and source of the granite has been subject to mmsies but based on isotope
investigations, Duthoet al. (1991) assumed a fairly primitive crustal souroe dranitic
melt. Staby and Martin (2008) recognized that Kalgze granite differentiation proceeded
through two distinct mechanisms: felsic and mafi@agma mixing and fractional
crystallization.

The Karkonosze granite was dated by Rb-Sr what& ieochrone method at 328+12
Ma ("central" porphyritic granite) and 309+3 Maidge" equigranular granite; Duthaat
al. 1991); Pb/Pb and U/Pb zircon dating yielded difie ages of 304+14 Ma for
porphyric monzogranite (Kronegt al. 1994), and 314+3.3 Ma and 318.5+3.7 Ma for
porphyritic granites of the NE part of the plutdachowiak & Armstrong 2007). New
SHRIMP data (T.Oberc-Dziedzic, R.Kryza & C.Pin, 80Qinpublished) indicate that the
main porphyritic facies is somewhat older than BR0

Nature protection and geotourism: basic notegbased on Gawlikowska 2000)

Karkonosze National Park (KPN)
(established 1959, area 5 573 ha)

The park is located in the top section of the Kadsze Mts, with two enclaves:
Chojnik and Szklarka Waterfall, and it adjoins, rgjothe state border, the Czech
Krkonossky narodni park. Since 1992, both parksnfar World Biosphere Reserve. The
KPN is one of the most attractive tourist regionsPioland. Numerous uncommon post-
glacial landscape forms: Kociot Maty (Small Hollow)ielki Staw (Great Pondfniezne
Kotty (Snowy Hollows), the majestic uplift ¢fniezka (1603 m a.s.l.), picturesque granite
weathering forms and waterfalls (Kamdzyk and Szklarka). The area is built mainly of
the Variscan Karkonosze granite, being occasioradploited in two quarries.

Rudawy Landscape Park (RPK)
(established 1989, area 15 705 ha)

The park covers the Rudawy Janowickie and adjoirinep. The western part is
composed of the Variscan Karkonosze granite anaiétsimorphic envelope, in the east we
find Lower Carboniferous sediments of the Intra-&iclBasin. In the contact aureole of
the Karkonosze granite, metal and other minberglosiés were exploited in several
localities, since the middle ages (e.g. Miedziak@yary, Wigciszowice). Two twin cone
peaks, Krzgna Gora (654m) and Sokolik (623m) are the famousifzarks. The main
values of the park include the diversity of its lggy, remnants of old mining, rock
outcrops, weathering forms, landscape, dense fapdt... fish ponds.

Landscape Park of the Bobr Valley (PKDB)
(established 1989, area 13 270 ha)

The park comprises the Bébr River valley, 42 kmglohetween Jelenia Géra and
Lwowek Slaski, and the neighbour areas. The river forms péstgue gorges cut mostly in
the Izera granite-gneisses. To the north, thedesrare in tectonic contact, along the major
Intra-Sudetic Fault Zone, with the low-grade metgshac Kaczawa Complex. Further
north, the river cuts the sedimentary Mesozoidlinfithe North- Sudetic Depression. The
valley is mostly forested, and offers attractivertst routes.
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Stop A 2/1: Kowary — Old Iron-Uranium Mine

Location: Kowary town, 17 km SE of Jelenia Géra

Geology: the Karkonosze granite and its metamorpéaitvelope, ore mineralization in the
metamorphic cover

Leader: Ryszard Kryza

Mining tradition in the vicinity of Kowary town das back to the XlI century when the
region began to be explored by the Valonians. UthéoXX century, the main interest of
mining was magnetite-haematite iron ore, but arolifd0, attention was turned also to
uranium mineralization. After the World War 1l, Kany became a “top-secret” uranium
mine, strictly controlled by Soviet military admatiation. Until 1973, when the mine was
closed, 24 adits had been made, with a total leofy#i# km, and down to a depth of 525 m.
In 1974-1989 a radon “inhalation plant” operatedr¢h associated with Cieplice Spa. In
2000, a Tourist Underground Path was opened, ag@02, the “inhalation plant” was re-
opened again.

The iron-uranium ore deposit of Kowary is locateithim mica schists and gneisses of
the metamorphic envelope of the Karkonosze grafite. deposit is a bent-lens in shape,
ca. 1500 m long and up to 200 m wide. The ore Isodie developed within horfelses,
amphibolites and scarns, near the contact withkKdr&onosze granite that is faulted and cut
by aplite and pegmatite veins.

The deposit comprises three types of ore-mines#rablages:

1. magnetite ore: magnetite, maghemite, minor iiteerpyrite, and rare pyrrhotite and
arsenopyrite;

2. sulphide ore: pyrrhotite-pyrite, with chalcopgri marcasite, and rare sphalerite and
galena;

3. polymetalic ore: chloantite, safflorite, ramnieesgite, and minor nickeline, native
arsenic, native bismuth, native silver and uraniimerals.

Ores (1) and (2) are found as veins and nest-agtgegvithin (1) and within surrounding
rocks. The uranium mineralization is bound to pgwymetalic ore and it forms three
associations:

(a) uranium black — aresnopyrite — chalcopyrite — cité,

(b) uranium black — schapbachite — chalcopyrite — ricke

(c) uranium black — clausthalite — coffinite or uraniubtack — tiemannite —

chalcopyrite — cinnabar.
Particularly rich U-mineralization was observed s$trongly tectonised zones, along
contacts of various lithologies and near faults wheranium black was found in calcite-
and calcite-barite veins and in breccias.
The iron-uranium mineralization is classified asmeetamorphic/contact-metasomatic
deposit.
(Source used: Muzeum Mineratéw, Towarzystwo Gectogi Spirifer, Nowa Ruda,
http://www.redbor.pl/index.html, ,Gornictwo uranu Rolsce”).

Stop A 2/2: Kowary Pass — Kowary gneisses

Location: 2.5 km SE of Kowary, ca. 1.5 km N of Kow&Pass
Geology: the Kowary gneisses of the Izera-KowaryitUn
Leader: Ryszard Kryza

The Kowary gneisses represent early Ordovician &20 Ma) granite intrusion
deformed and metamorphosed under greenschist faoeditions during the Variscan
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orogeny (Kryza & Mazur 1995). Together with micahists, they belong to the Izera-
Kowary Unit, which is the lowermost tectonic unftthe eastern metamorphic cover of the
Karkonosze granite (Mazur 1995, Oberc-Dziedial, in press).

The Kowary gneisses are coarse-grained rocks slgoavsequence of textural varieties
depending on the degree of deformation, and digmdagnutual transitions: porphyritic,
coarse-grained granite — augen gneiss — flasesgrdayered gneiss. Fine-layered Kowary
gneisses form narrow zones at the contact with matasts. All varieties of the gneisses
contain variably deformed K-feldspar megacrysts,renor less intensely replaced by
chessboard albite. The matrix is composed of alljpartz, biotite often accompanied by
chlorite, white mica, epidote, and accessory apaditd zircon. The gneisses are calc-
alkaline and peraluminous in character; the highsRontent in the orthogneiss is typical
of the S-type granites (Oberc-Dziedzatal, in press). The ortogneisses are intruded by
thin mafic dykes altered into biotite-amphibole isth

The foliation in the gneisses dips at 65-8) SE, and the mineral lineation (elongated
feldspar megacrysts and aligned mineral aggregatesgdly follows the foliation dip. The
fabric was develop during normal faulting corresiog to extentional collapse (top to SE)
(Mazur 1995).

Recent SHRIMP dating of zircons (Oberc-Dziedzi@l, in press) shows that the main
population of zircons is dispersed within a randeca. 470-500 Ma, with an average
Concordia age of ca. 490 Ma. This is in a good emgent with the well established Early
Ordovician magmatism in this area and with theieatl-Pb zircon dating of the Kowary
gneisses (Oliver et al.1993, Kroner et al. 200iil8r ages obtained for the neighbouring
quartzo-feldspathic rocks in the mica schists intplgt the schists, at least locally, do not
represent the original country rocks for the ortimigs protolith intrusion, and that the
contact between them are tectonic (Oberc-Dzieelizad, in press).

Stop A 2/3: Ogorzelec — Paczyn gneisses and metabesof the Leszczyniec Unit
Location: Ogorzelec quarry, 6 km SE of Kowary

Geology: the Paczyn gneisses and the Leszczynidgtroetabasites

Leader: Ryszard Kryza

The Ogorzelec quarry exposes intrusive relatiorsstdp the felsic Paczyn gneisses
against their metabasic country rocks (amphibglitei belonging to the Leszczyniec
Metaigneous Complex (or Leszczyniec Unit). Thestksovere dated by U-Pb method on
zircons at ca. 490-500 Ma (Olivet al. 1993, Bachhski & Smulikowski 2005).

The main body of the felsic gneisses, a few tensnefres large, is rather weakly
deformed compared to the surrounding amphibolité& gneiss branches away from the
main body, forming a few smaller apophyses witlie amphibolites. The gneisses are
composed of quartz, albite (An 0.2-6.3) and epidateompanied by very minor mafic
minerals (chlorite, phengite, actinolite and stdprelane). The protolith of the gneisses
should correspond to leucocratic tonalites or thpewhites (Nagbski et al. 1986, Kryzaet
al. 1995).

The amphibolites are composed of albite (An 0.2-&/d magnesiohornblende, the
association typical of epidote-amphibolite facid$ornblende crystals are cored by
actinolite and reveal evidence for the progressnetamorpism (Kryza & Mazur 1995).
The amphibolites bear NNE-SSW lineation developed sab-vertical or steep, ESE-
dipping foliation (Mazur 1995).

The bimodal suite of metaigneous rocks in the Ogjezquarry is representative of the
Leszczyniec Unit. The mafic rocks show N-MORB affies, whereas the felsic varieties
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represent their fractionation-related counterpauastly contaminated by continental crustal
materials (Kryzat al. 1995, Winchestegt al. 1995).

The metamorphism in the Leszczyniec Unit is reldyivhigh P/T and corresponds to
the epidote-amphibolite facies. The P/T gradieeinseto be lower and the metamorphic
grade slightly higher compared with the HP/LT Sokitrkonosze Unit southwards (Kryza
& Mazur 1995; see Fig. A 2-3), however, the twousturally upper external units are
interpreted to delineate a major tectonic sutuoa@lthe eastern egde of the Karkonosze-
Izera Massif (Sestoet al. 2000, Aleksandrowski & Mazur 2002).

Stop A 2/4: Pilchowice — The Intra-Sudetic Fault Zoe: contact between the
Karkonosze-lzera Massif and the Kaczawa MetamorphidJnit

Location: the Bébr valley S of Pilchowice, 10 km N@¥ Jelenia Géra

Geology: the lIzera gneisses, the Kaczawa low-gradetamorphic rocks, the Intra-
Sudetic Fault Zone

Leader: Ryszard Kryza (partly based on Aleksandriivet al. 1997)

One of the most important tectonic boundaries & \West Sudetes, the Intra-Sudetic
Fault Zone, is exposed along a ca. 500 m long lprafiong the Bobr river valley at
Pilchowice. The outcrop pattern is complicated byap-scale strike-slip duplex structure
(Alexandrowskiet al. 1997; Fig. A 2-4).
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Fig. A 2-4. Geology of Pilchowice interpreted imrtes of sinistral strike-slip duplex at the
transition zone between the Kaczawa and Izera nmfshit units (based on unpubl. data
of Baranowski 1967, Geol. Map of the Sudetes 1 :088, and Aleksandrowslgt al.
1997).

Along the profile on the west bank of the river, 680 m west of the dam, from south
to north we observe: (a) the lzera granites andigragneisses, (b) steep fault zone
dominated by strongly deformed gneisses and myenieveloped at the expense of the
Kaczawa phyllites, (c) phyllites of the Kaczawa Quex.

The variously deformed lzera gneisses have devéldpem the ca. 500 Ma Izera
granites (Oliveret al. 1993). They are composed of quartz (locally blyighfeldspar and
plagioclase, minor white mica and chlorite (pardffer biotite). The observed inverted
zonation in plagioclase (< 1 % An in core and c&08An in rim) suggests progressive
metamorphism under the greenschist facies condition

The 1-2 metre thick mylonite at the very contactween the Izera gneisses and the
Kaczawa phyllites has developed at the cost oflatter which is evident from the very
heterogeneous zircon populations within the mylniypical of metasedimentary rocks.
The metasedimentary rocks of the Kaczawa Complethdu north are significantly less
recrystallized (slates) and display relics of setitary structures (detrital grains,
lamination and graded bedding).

A detailed structural study (Aleksandrowsdtial. 1997) showed that in both metamorphic
complexes the main foliation strikes WNW-ESE angsdsteeply to NNE. The foliation
displays stretching lineation which plunges to WNWESE at shallow angles. The rocks
show a range of kinematic indicators developed uctitt and semi-brittle to brittle
conditions (asymmetric pressure shadows, wingedspelrs, mica fishes, quartzaxes
patterns, shear bands, bookshelf sliding of fractyorophyroclasts etc.) which point to
both sinistral (at both ductile and brittle conalits) and dextral (at ductile to semi-brittle
condtions) sense of the shear which occurred inptogimity of the Intra-Sudetic fault
zone.

It is difficult to assess the PT metamorphic cdndi experienced by the rock exposed
on both sides of the fault. The most informativen d&@ the compositional range and
zonation of white mica. In the Izera gneiss soltthe fault, the Si contents in white mica
varies from ca. 3.05-3.10 in cores, to 3.10-3.45%irms and in tiny flakes in the matrix.
Most of the micas in the schists (mylonites) of fhalt zone cluster around 3.30 which
may indicate that the main stage of the white mieerystallization (at the presently
exposed depth level) occurred at ca. 6 kbar (atnasd T around 40Q). In a slate of the
Kaczawa Complex to the north, the Si contents icasare significantly lower (3.05-3.20),
indicating possibly lower minimum pressures (based Pgh barometry of Massonne
& Schreyer 1987; R.Kryza, R.Zago6rda and G.Fedorpwi®98 unpublished).

The structural interpretation presented here isedbasn a structural study by
Aleksandrowskiet al. (1997). Effects of three main deformational evehtsre been
recorded in both structural units adjacent to thealSudetic Fault near Pilchowice. The
oldest event B (probably Late Devonian to Early Carboniferousage) resulted in

a penetrative, ductile, sinistral shear fabrichie Gory lzerskie gneisses. Its present-day
orientation was achieved through later reorientatad originally SE-dipping foliation
related to regional, NW-directed thrusting (Maz@9%; Fig. A 2-5). The reorientation
occurred on the northern slope of a domal structuneeh grew above the Karkonosze
granite intrusion during the Visean. This was pattd by an important strike-slip dextral
displacement (event - late Early Carboniferous?) on the Intra-Sudétawlt, which

195



produced prominent pervasigec fabric in the Gory Kaczawskie phyllites and duetib
semi-brittle, localised shear zones in the Gérydkie gneisses, superimposed on the older,
sinistrally oriented fabric. The subsequent simistmovement of the event P(Late

Carboniferous ?) brought about sporadic semi-brittesoscopic structures in both gneisses
and phyllites as well as a map-scale strike-slipleli on the Géry Izerskie/Kaczawskie
boundary (Aleksandrowskit al. 1997).

The Intra-Sudetic fault is believed to represeninaportant strike-slip terrane boundary
at the NE periphery of the Variscan belt, with asgible large dextral displacement
(Aleksandrowskiet al. 1997), juxtaposing the Saxothuringian, Tepla-Badian and
Moldanubian terranes of Armorican affinities to tlseuth with an oceanic (Rheic)
accretionary prism of the Kaczawa complex to them@Aleksandrowski & Mazur 2002).

D, - WNW-directed thrusting

] metabasites & gneisses (Leszczyniec Unit) D, - ESE-directed extensional collapse

phyllites & greenstones (South Karkonosze Unit) C, Karkonosze Granite

Izera gneisses & mica schists (Izera-Kowary Unit) C, coarse clastics
(Intra-Sudetic Basin)

Fig. A2-5. Simplified block diagram showing domabge of the Karkonosze-Izera Massif,
acquired during D2 extensional deformation everte D1 structures, related to NW-
thrusting event, were reoriented on slopes of el KG - Karkonosze Granite Massif
(Mazur 1995, Mazur & Kryza 1996, Aleksandrowskial. 1997).

Attempts at direct dating of the strike-slip depgments on the Intra-Sudetic fault were
made by Oliver & Kelley (1993, vide Aleksandrowski Mazur 2002), with“*°Ar/*°Ar
method, yielding ages of 338+15, 312+38, 302+47 22810 Ma for biotite and 299+21
Ma for muscovite from mylonitised lzera gneiss skdpat Pilchowice. They were
followed by those of Marheinet al. (2002), who, using the same method, arrived at afje
33313 and 324+3 Ma for muscovites in two samplethefsame rocks. This scatter of ages
may reflect relatively long-lasting and multistadjeplacements on the Intra-Sudetic Fault.
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Variscan lower-crustal HP-HT granulites and migmati  tic country rocks
of the Géry Sowie Massif. Sleza Ophiolite: petrology and geotectonic
context
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Abstract: HP-HT granulites, ultramafites and surrounding magjtes of the Gory Sowie

Massif; P-T paths and timing of Variscan metamasphi Variscan exhumation. The
Central-Sudetic ophiolites: petrology, geochemisage, palaeotectonic setting, structural
and metamorphic evolution; tectonic position of thghiolites in the Variscan context.

Geotourism.

Key-words: granulites, ultramafites, migmatites, ophiolitespghemistry, geochronology,
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The Gory Sowie Massif (Ryszard Kryza)

The fault-bounded Gory Sowie Massif (GSM) is cosgmb mainly of gneisses and
migmatites accompanied by minor mafic and ultramadicks and a few small granulite
bodies. The most widespread gneisses and migmatiéesomposed of quartz, plagioclase
(An15-39, biotite and, locally, garnet, sillimanite, K-flspar, +/- muscovite, +/- cordierite.
The gneissic complex has undergone polymetamorphiolution (Kryza 1981,
Zelazniewicz 1990). An early metamorphic episode, withatively high P/T gradient, is
inferred from widespread relict kyanite. The ol@dssemblage was overprinted by a high
amphibolite facies metamorphism, under a moderdie gPadient, as indicated by the
coexistence of sillimanite, K-feldspar, and garr&ibsequently, locally intense anatectic
melting, obviously controlled by variation in littegy and by fluid distribution, produced
diatexites and ih situ granites" (Kryza 1981).Zelazniewicz (1990) inferred five
tectonometamorphic events,1D Ds, in the gneisses. The metamorphic climax and

migmatization have been ascribed to thgadd D, events, and their waning stage is
interpreted to have happened 380 -370 Ma ago (vaerBenet al. 1988, Brockeret al.
1998, Timmermanet al. 2000).

Felsic granulites, with thin intermediate interd¢imlas, occur in several small outcrops in
the northern part of the Géry Sowie. These HT amdddanulites host lensoid bodies of
strongly serpentinized mantle-derived ultramaficksy mostly harzburgites and lherzolites
with spinel and pyrope garnet. Sm-Nd Grt-WR-Cpxsage403 and 386 Ma were obtained,
for cores and rims respectively (Bruckmral. 1996). Similar ages of ca. 400 Ma, obtained
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by the U-Pb method on zircons from felsic gransliteras interpreted as the age of the
granulite facies metamorphism (O’'Brienal. 1997, Kryza & Fanning 2007).
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Fig. B 1-1. P-T-t paths for the Géry Sowie graradiand host migmatites (after Kryza &
Fanning 2007).

The Variscan tectonic movements exhumed the higbeg metamorphic rocks,
including the HT-HP granulites, from deep crustaidls (Kryzaet al. 1996). An early (pre-
Upper Devonian) uplift of the Géry Sowie Massifascribed by Aleksandrowslat al.
(2000) to the initial Eo-Variscan convergence. Tédgmcept is essentially consistent with
numerous geochronological data obtained over tls fweenty years in the Géry Sowie
Massif. The granulite-facies metamorphism datedCdt5 +0.9 Ma (O’Brieret al. 1997)
was soon followed in that area by a rapid decongiwasto amphibolite facies conditions.
The latter temperature dominated metamorphism page between ca. 400 and 370 Ma
(Timmermaret al. 2000,Zelazniewicz 2003, Kryza & Fanning 2007, and refs. tirand
was eventually terminated by the exhumation of @&y Sowie gneisses. The gneisses
must have been at the surface by the end of Denaiige they already supplied detritus to
the neighbouringwiebodzice Basin (Pebski 1981). Nevertheless, in the present erosional
level, the Gory Sowie gneisses bear also memoayymfunger Early Corboniferous thermal
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event mostly related to the widespread mylonitaatiespecially in the adjacent Niemcza
Zone (Steltenpohdt al. 1993).

Summing up, the critically reviewed geochronologitata indicate that we are dealing
with the following well recognized thermal eventsthe Gory Sowie Massif:
- ca. 500 Ma: magmatic crystallization (granites rather their reworked products as
protoliths for the gneisses and migmatites),
- ca. 400 Ma: HT-HP granulite facies metamorphigmnpérts of the rock complex),
- ca. 380-370 Ma: amphibolite facies metamorphisih migmatization, and subsequent
rapid uplift.

Nature protection and geotourism: basic noteghased on Gawlikowska 2000)

Gory Sowie Landscape Park (PKGS)
(established 1991, area 8 141 ha)

The PKGS covers the central part of the Sowie Mains (GAry Sowie) in the central
Sudetes, with their highest peak of Wielka SowdlELth a.s.l.). The largely forested area
(94 %) has a beautiful landscape, with steep tdligp valleys and many picturesque crags.
The area is part of the Gory Sowie Massif compasfeltigh-grade metamorphic gneisses
and migmatites, and intercalations of high-presshigh-temperature granulites and
associated mantle-derived ultramafic rocks. In sgrabens, Lower Craboniferous
molasses-type sediments are preserved, locally ciassd with late-Variscan
subvolcanic/volcanic rocks (kersantites and rhgs)itSpecial tourist importance has the
system of adits and underground chambers workecbputoncentration camp prisoners
during the World War Il and seemingly planned asn@a military factories.

Stop B 1/1: Géry Sowie / Bystrzyca Gérna )

Location: Bystrzyca Gérna village, 7.5 km SWSSwidnica, optional: railway cut and/or
river bed

Geology: the Géry Sowie Massif, felsic granulité&3rt-meta-peridotites, serpentinites, ca.
400 Ma peak metamorphism age

Leaders: Ryszard Kryza, Piotr Gunia

The railway cut exposes felsic granulites assediatith serpentinites and other partly
altered meta-ultramites. The felsic granulites fare- to medium-grained rocks, massive-
to variously banded rocks composed of quartz, figrtk-feldspar and plagioclase, garnet,
kyanite, rutile and ilmenite; locally abundant liti@is mostly a secondary phase as is white
mica. In a nearby exposure, intercalations of matiate CPx-bearing granulites have been
described.

The meta-ultramafites form lansoid inclusions &odidins within the felsic granulites
(contacts well exposed in an abandoned quarry @@.18 to S, not to be visited). The
ultramafics display a large mineralogical variatidrom totally serpentinized rocks to
weakly altered CPx-Am-Grt-bearing rocks (so calleitibolites). Based on relict
mineralogy and CIPW norm, spinel and pyrope-beahargburgites and lherzolites were
the most common protoliths. The P-T conditionstfeg garnet peridotites were estimated

to be 1 300 C and 20-30 kbar for cores of grains and’8D@nd 16 kbar for rims (Bakun-
Czubarow 1983). Sm-Nd Grt-WR-Cpx ages of 403 an6l B2 were obtained for cores
and rims respectively (Brucknet al. 1996).
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Stop B 1/2: Gory Sowie / Zag6rz&laskie (,Fregata”)

Location: Road-cut, 11.0 km SWS s¥vidnica, S bank of Bystrzyckie Lake

Geology: the Géry Sowie Massif, felsic granulites. 400 Ma peak metamorphism age
Leader: Ryszard Kryza

Locality “Fregata” at Bystrzyckie Lake in Zagoérizea type locality for the Géry Sowie
granulites. The felsic granulites form an alignediypa few hundred meters long and up to
tens meters thick within migmatites. The unaltegezhulites are pale-grey, pinkish fine- to
medium-grained rocks, usually banded, with garaatt secondary biotite-rich, and quartz
+ feldspar-rich laminae. Common kyanite is easiscdrnable, whereas accessory rutile,
ilmenite, and obviously secondary muscovite areiteal components. The P-T

conditions for the peak granulite facies event veateulated at 18—20 kbar and ca. 9@
with late decompressive re-equilibration over agearof 4-10 kbar as temperatures

decreased to 600-7@C (Kryzaet al. 1996, O’Brienet al. 1997). The latter metamorphic
event in the granulites probably coincided with geak of metamorphism and anatexis in
the surrounding gneisses. The peak P-T conditiomsthe U-Pb zircon ages of around
395-400 Ma (O'Brieret al. 1997, Kryza & Fanning 2007) correspond well toséadrom
the meta-ultramafites from Bystrzyca Goérna. Xenetiftom a pegmatite cutting the
granulites at “Fregata” was dated at ca. 370-38Q Ntamermanret al. 2000).

Stop B 1/3: Gory Sowie / Walim

Location: Entrance to adits at Walim, 18.0 km SW $iiidnica

Geology: the Gory Sowie Massif, granites, silliménigneisses and migmatites, ca. 390
Ma migmatization (anatectic granite dykes)

Leader: Ryszard Kryza

South of the town of Walim, sillimanite-bearingeigses and migmatites host granite
dykes, up to ca. 1 m thick, generally parallellie tmain foliation, but locally displaying
discordant, intrusive contacts. The granite is ke prey, medium-grained massive rock
composed of quartz, plagioclase, K-feldspar, muiseoand very subordinate biotite,
sillimanite, relict kyanite, and accessory zircomd anonazite. The granites have been
interpreted as products of anatectic migmatizationally mobilized and intruding the
surrounding gneisses (Kryza 1981). In places, tt@yprise small shearing bands (cm
scale) composed of muscovitized fibrolith and quddtt-Pb isotopic ages of monazite from
these granites is ca. 380 Ma (Timmermahal. 2000).

Stop B 1/4: Géry Sowie / Potoczek

Location: 16.0 km S oSwidnica, crags at road between Ruszow and Walim

Geology: the Gory Sowie Massif, migmatites: nebedit(diatexites), ca. 500 Ma magmatic
zircon age, ca. 380 — 370 Ma metamorphism

Leader: Ryszard Kryza

The migmatites from Potoczek comprise “homophag&owgranite-like rocks
corresponding to “nebulites” (diatexites). They aade grey, medium- to coarse-grained
rocks composed of quartz, subidiomorphic plagiagldmsotite and locally rather common
garnet. Typically, the rocks contain abundant Isladped or diffused inclusions,
centimeters to decimeters in size, embedded wihgranite matrix. They convincingly
exemplify anin situ, “newly-born” granite. Petrographic features pr@areatectic origin of
these rocks and subsequent rapid uplift (e.g. ztagioclase). The nebulites have been
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dated by several authors using Rb-Sr and U-Pb rdsthgelding controversial ages. The
most recent SHRIMP zircon dating shows ca. 500 Masa(Kryza & Fanning 2007)
whereas the metamorphism have been dated at 3764886sing Rb-Sr method (Brocker
et al. 1998).

The Sleza ophiolite (Ryszard Kryza, Alfred Majerowicz, Piotr Gunia)

The Central Sudetic ophiolites are among best predeand complete ophiolitic suites
in the Variscan Belt. The fairly large ultramafi@afit complexes along the NE, E and S
margins of the Géry Sowie Massif were first recaguai as ophiolites in the late 1970-ies
(Majerowicz 1979) based on general petrographitufes, and later reported geochemical
data indicated their MORB affinity. More recent ghemical studies revealed some
internal complexities of the suites, e.g. significayeochemical contrast between the
plutonic and subvolcanic/volcanic members, but alWeconfirmed their MOR-type
characteristics (Piret al. 1988, Majerowicz & Pin 1994, Floydt al. 2002, and refs.
therein).

The magmatic emplacement age of the ophiolitespsagiously determined at ca. 365
Ma using the Sm-Nd isochrone method (Biral. 1988) but afterward reinterpreted to ca.
420 Ma based on U-Pb multigrain zircon method (&liet al. 1993). The latest ages of
400 +4/-3 Ma on zircons from rodingites have besterpreted as corresponding to
serpentinization processes (Didlaet al. 2004). Similar ages have recently been obtained
by SHRIMP method on zircons from subvolcanic rockthe Sleza ophiolite (Kryza, 2008
unpublished data).The mafic rocks of the ophioléesrather weakly and locally deformed
and display only partial metamorphic alteration dd@bWahed 1999). The provenance of
the ophiolitic suites, their age and relationship®ther igneous complexes in the Sudetes,
as well as their tectonic position are key probleshghis part of the Variscan orogen.
Mierzejewski (1993) suggested that #ieza ophiolite lies on top of a westward overthrust
pile of tectonic units.

Nature protection and geotourism: basic notegbased on Gawlikowska 2000)

Sleza Landscape Park §PK)

(established 1988, area 8 190 ha)

The SLP comprises three parts within a common mantlingez the Mt.Slgza Massif,
Kietczyn Hills and Jaska Goéra. It was created to protect extraordinatunal features
(geology and geomorphology), as well as culturaithge (palace-park village architectural
assemblages, archeological sites). TheSitza Massif is an island of crystalline basement
rocks exposed from beneath the Cenozoic sedimeatamyr in the central part of the Fore-
Sudetic Block. The massif exposes one of the bestepved and complete ophiolitic
sequences of the entire Variscan Belt of Europe. Sdguence comprises, from bottom to
top, serpentinites, gabbros, diabases, pillow laaasl radiolarites, and it is intruded by
a late-Variscan granite of the Strzegom-SobdtkasMlawo major glaciations left large
block-fields on the slopes of Mleza. Apart from special geological aspects, Meza is

a unique archeological site. The human settlinghimregion date back to the Neolith, and
the area is famous for several well preserved stioys and warship sculptures. That is
why Mt. Sleza is called the “Silesian Olympus” and is the nstteurist and re-creation
background for the city of Wroctaw.
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Fig. B 1-2. Mafic rocks of MtSleza plotted on multi-element variation diagrams. $gsa
plutonic group, circles - subvolcanic/volcanic goou_eft-hand column - incompatible
trace-elements normalised to MORB; right-hand sid@mn - REE normalised according
to Sun (1980); a & b - metabasalts and metadiabigégiser plots) and metagabbros of the
upper part of the plutonic assemblage (lower plats§ d - mafic cumulates (based on
Kryza & Abdel Wahed 2000).

Stop B 1/5 — Sobotka

Location: Sobotka town, morphological map of Mleza Massif

Geology: theSleza ophiolite (Silurian/Devonian?): outline geologyral petrology
Leaders: Ryszard Kryza, Alfred Majerowicz & Piotu@ia

The Sleza ophiolite and other parts of the Central-Sudetiiolites and their lithology,
geological position and ages are presented.

Stop B 1/6: Mt. Sleza/Przemitow

Location: 5.5 km ESE of MtSleza; abandoned quarry at Przemitow

Geology: theSleza ophiolite, lower part of the ophiolite suite: manorphic peridotites
(serpentinites)

Leaders: Piotr Gunia, Ryszard Kryza, Alfred Majeramz

The serpentinites exposed at Przemitdw represemitlen peridotites, the lowermost
member of theSleza ophiolite (Majerowicz & Pin 1994). Blocks and liins of massive
psedomorphic serpentinites are enclosed in shearadotile-rich matrix. Locally, they
preserve mantle-tectonite texture with bastite deewrphs after porphyroclasts of
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pyroxene surrounded by hour-glass pseudomorphs afiténe neoblasts. The primary
mineralogy, deduced on CIPW norm, suggests they wastly low-Al harzburgites and
Iherzolites (Majerowicz & Pin 1994) primarily edibitated in the spinel-peridotite stability
field. In the rock matrix, small relics of forstictolivine occur, often surrounded by big
flame-shaped antigorite; other constituents of skepentinites are ameboidal chromian
spinels, cloudy assemblages of magnetite microsf#eerand single tremolite-actinolite
needles. Spinel/pyroxene domains, resembling thieit haf garnet were found and
suggested to indicate retrograded garnet peridofDeibiiska et al. 2004). Occasionally,
small apogabbroic rodingite bodies occur, surrodndg narrow chloritic blackwals. In
their matrix, relics of ophitic integrowths of ategidiopside and framboidal grossularite are
common. Veins of brownish vesuvianite occur spaatlii. The rodingites can be
classified as ,shallow” type metasomatites.

According to Mierzejewski & Abdel Wahed (2000),ettserpentinites display two
deformational episodes: an earlier top to WNW thtingsalong listric thrust faults, and
a later top to ESE normal faulting due to relaxatid thrust blocks.

Stop B1/7: Mt. Sleza/Tapadia Pass

Location: 2.5 km SWS of MtSleza, ca. 150 m S of gpadta Pass

Geology: theSleza ophiolite, contact zone between the serpentinias gabbros
Leaders: Piotr Gunia, Alfred Majerowicz, Ryszard ya

A contact zone between serpentinites and stroeglysuritized metagabbros can be
observed in a crag and small abandoned quarry. ditegorite serpentinites were
interpreted by Majerowicz (1981) as metamorphicidmdites, whereas the variable
mafic/ultramafic rocks — as cumulates at a margo@at of the ophiolite body. Gunia and
Sosnowski (2005, unpublished data) considered thigaite serpentinites to occur as
individual blocks several metres in size incorpedatwithin strongly sheared ,flaser”
metagabbros. The character of contact plane vémes place to place, most often it is
sharp and steeply dipping. Strong deformation of-jrained ,flaser” gabbros, and
brecciation of accompanied serpentinites are aisible. In many places, the ,primary”
contact plane is obliterated by narrow fault zooestaining mixed mafic and ultramafic
components. Their origin is probably connected witleformation event D3
contemporaneous with the intrusion of the Strze@whétka granitoids. The structural
features of the contact zone between tectonitecambilate members of tt#eza ophiolite
are similar to those in the ,Acoje” type ophiolitgith evidence of diapiric movements of
mantle-derived inhomogenic material near the sfta

Stop B 1/8: Mt. Sleza / Tapadta Pass

Location: 2.1 km SWS of MtSleza, large crag and blocks on slope

Geology: theSleza ophiolite, middle part of the ophiolite suite: yared gabbros
Leaders: Alfred Majerowizc, Ryszard Kryza, Piotr Gia

In crags and large blocks north of the pass, cegi@@ed grabbros of the plutonic
member of the ophiolite are exposed. They ofteplajsevidently igneous, ophitic texture
and, locally distinct magmatic layering (alterngticlinopyroxene-rich and plagioclase-rich
bands, up to a few cm thick).

Generally, the gabbros exhibit N-MORB geochemiacal &otopic characteristics, but
some cumulates show various anomalies €. 1988, Floydet al.2002).
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In places, localized deformational structures canobserved. Abdel Wahed (1999)
distinguished three deformational events in thacbasember of the ophiolite: D1: west-
directed tectonic transport, D2: top to NNE sheagr{norresponding to NNE thrusting
along the E & W Sudetes boundary ?), and D3: britdformation represented by variously
oriented slickensides.

Kryza (in Majerowiczet al. 2000), based on the observed sequence of igneals a
metamorphic minerals in metagabbros, distinguighedollowing stages:

1. magmatic stage: crystallization of gabbro follovsdate-magmatic emplacement
of diallagite pegmatitoids,

2. early low-temperature metamorphism, probably ihegaistatic conditions (ocean-
floor metamorphism?), evident from the presencexturally early actinolite,

3. peak-temperature metamorphism recorded, e.g., égngacicular Mg-hornblende
which defines the foliation in localized thin sheamnes in the gabbro,

4. fading (late) metamorphism, under decreasing teatpes, and further replacing
the earlier mineral parageneses, and associatbdogilized deformation in semi-
brittle- to brittle conditions.

Above the gabbros, Majerowicz (in Majerowicz & Pif94) described the so called
“roof assemblage” of the plutonic/subvolcanic zaf¢he ophiolite. The rocks in this zone
display highly variable textures: fine-grained ngetibros and diabases with ophitic,
subophitic, porphyritic and glomeroporphyritic tes¢s are embedded in fine-grained or
aphanitic groundmass. Locally, near the base ofvitieanic group, sheeted-dyke-type
structures have been described (op. cit.).

The volcanic group shows geochemical similaritieg Blso distinct dissimilarities
compared with the plutonic group, which implicatesmplex petrogenetic processes
involved in magma generation and differentiatiomg @ossible (tectonic ?) discontinuities
between plutonic and volcanic parts of the opheolit

Dark radiolaria-bearing metacherts may represedinsmtary cover of theSleza
ophiolite, but their contact with the magmatic memsb is masked by the Cenozoic
deposits.
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Abstract: field trip course runs within szklarska gba hornfels belt. during the field trip
the mineralization accompanying metamorphic, metedic and hydrothermal processes,
associated with the karkonosze granite intrusiath be shown

Key-words: skarn, hornfels, wollastonite, vesuvianite, grossuldiopside, andalusite,
cordierite, Izerskie Garby, ZafrSmierci, Zbdjeckie Skaty, Pyrite Mine

Geological setting

Szklarska Paba hornfels belt is a fragment of the KarkonoszrdzBlock and is
located at the contact of the Karkonosze granil witca-schists of the I1zera metamorphic
complex (Borkowska 1966; Smulikowski 1972, Mazuf200Oberc-Dziedzic 2007) (Fig.
1). The age of the Karkonosze granite is estimated@2%17 Ma (Duthowet al 1991). The
Izera Block consists of gneisses, granite-gneiasdggranites of the pre-Variscide age. The
granite protolith was dated by different methods5d%-480 Ma (Borkowskat al 1980;
Korytowski et al 1993; Oliveret al 1993;Zelazniewicz 1997; Kréneet al 2001). Within
gneisses and granites several belts of mica-schésts occurred. Szklarska Eba schist
belt, which was at the immediate contact to thekgaosze granite, was transformed into
cordierite-andalusite, biotite hornfelses and Carnsk. The age of contact metamorphism is
dated on 333+4 Ma (Fila-Wdjcicka 2004). Pegmatiesl late hydrothermal veins are
cutting the metamorphic rocks.

Stop 1 — Stanistaw Ming20 min by bus from Szklarska Rbr)

The Stanistaw Mine is the highest active mine i@ @entral Europe (1088 m a. s. l.).
Mineralization of the mine is confined to Izerskiarby dislocation zone, located between
hornfelses (in SE) and gneisses (in NW) of the Kadsze-lzera Block (Lewowicki 1965)
(Figs. 1&2). The dislocation runs in the distanéedew kilometers from Jastiia Géra
in NE through Piaskowa Goéra, Rozdeolzerskie, Izerskie Garby into the Karkonosze
granite on S-side of Wysoka Kopa. The dislocat®mlipping steeply (6% to SE and its
width ranges between 100 and 300 m (Szatamachg S26tamacha & Szatamacha 1966).
Quartz is a predominant mineral filling.
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Fig. 1. Geological map of the Szklarska éar belt (after Koztowski 2002, modified).
1- quartz vein, 2- hornfelses, 3- Karkonosze geadit Izera gneisses and granites,
5- mica schists, 6- faults, 7- quarry, 8- stopsst@te boundary

The Stanistaw mine excavated pure quartz from Xdhtury. From this locality the

samples of rose quartz colored by hematite are kndvhe largest rose-quartz crystal

reached 50 cm in length. Apart from quartz veinsildication of both gneisses and

hornfelses is noted. Ca-skarns and hornfelsesharenbst interesting mineralogical object

in the Stanistaw mine. Wollastonite, grossular-adite, vesuvianite, diopside-

hedenbergite, epidote, calcite, fluorite are thennmainerals of skarns. Monazite, zircon,
titanite, allanite, calcite, pyrrhotite, pyrite, atbopyrite are accessory minerals (Fila-

Wojcicka 2000; Pieczka & Kraczka 1998; Karwowskal 1996).

Aggregates of white massive wollastonite up to dnnsize are noted. Vesuvianite
crystals form aggregates up to 20 cm. Xenomorgjaimet blasts are up to 3 cm in

diameter while idiomorphic garnet crystals reaaniin size.
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Numerous vein-like pegmatite bodies occur at Stawismine. Minerals such as:
tourmaline, rutile, apatite, chlorite, I6llingiteative bismuth, cassiterite, scheelite, feldspar,
muscovite, biotite, fluorite, zircon, monazite, e&éme, were described by Dlugoszewska
(2005).

A late hydrotermal mineralisation is also presenflaorite-apophylilite-quartz-calcite-
stilbite-chlorite association (Koziowski 1978). Retdy among the hydrothermal
mineralization vanadinite (Szg, 2008) and mottramite (Szgt unpublished) were
discovered.

Andalusite crystals up to 3 cm in length, schod aimite pseudomorphs after cordierite
occur within hornfelses.

1 . \\)
(111 2
3
4 Izerskie Garby Mt.
A
e "3 1088

0 100
IR

F|g 2. Geolog|cal sketch of the Stanistaw min¢hia Izerskie Garby Mt. (after Janeczsk
al. 1991, modified).

1- gneisses, 2- hornfelses, 3- quartz vein, 4icsition zone, 5- outcrop of skarns

Stop 2 — Zakret Smierci (“Death Bend”) (25 min from Stop 1 by bus)
A road bend from Szklarska Rbea to Swieraddéw is named Zadtr Smierci (Death
Bend). The road bends at near 185° in this place.
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Rocks observed above the Death Bend constituteorfierite-andalusite and biotite
hornfelses of Szklarska Rtwa belt. Thin inserts of amphibolites, pegmatitel @uartz
veins are associated with hornfelses. That plagep&turesque scenery, where panorama
to the western part of the Karkonosze ridge casdem (Fig. 3).

S Wielki Szyszak  Czarcia tabski Szczyt . Szrenica
< Smielec 1509 Ambona 1472 Sokolnik 1362
1424 S 1384
K Sniezne
‘ Kotty

. Szofog 2008

Fig. 3. A view to the western part of the Karkore##ts. from Death Bend.

Stop 3 — Zbojeckie Rockg15 min by foot from Stop 2)

Cordierite-andalusite hornfelses are called ZHdgecRocks. That place presents
a contact of the Karkonosze granite with hornfeldgig. 4). The granite body shows
a zonation parallel to the contact surfagaba 1979). A pegmatite zone is the most
interesting in respect to accessory minerals aatitaparsenopyrite, bismuth, chalcopyrite,
fergusonite, magnetite, pyrite, tetrahedrite, thoite, wolframite (Gajda 1960 a, b).
Hornfels samples with andalusite crystals up to @nb in length are known from this
locality.

Stop 4 — Pyrite adit (7 min by foot from Spot 3)

The first documented notes about pyrite exploratiothis place were dated for 1530.
Pyrite was used for sulphuric acid production innofactory located nearby. 400 ton of
pyrite per year were mined from 1772 to 1787. Besipyrite lead and silver ores were also
explored. Exploitation of pyrite was finished atethurn of the XVII/XIX centuries.
Currently adit and dump could be observed.
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Fig. 4. Contact of cordierite-andalusite hornfelgéth Karkonosze granit on the Zbéjeckie
Rocks.
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Abstract: A short and easy walk with visits to a local Miregical Museum, Karkonosze
Centre for Ecological Education and, weather alf@yito the picturesque Kantiezyk
waterfall.

Key-words: geotourism, Mineralogical Museur@gntre for Ecological Education

Introduction

Szklarska Paba is situated in the south-western part of Polaniklenia Géra district
and Lower Silesia Province, about 130 km from tlwavér Silesian capital of Wroclaw,
almost at the meeting point of the borders of tloeentries: Poland, Czech Republic and
Germany, in Karkonosze and Izery mountain range.

The name Szklarska Poreba means ‘glass foresirggaand actually comes from the
local glass making industry. For centuries the nfecturing of glass and glass products has
been the chief driving force behind the developnwdrihe town. Szklarska Poreba is the
site of the first glassworks to be founded in thiel&en Mountains, which occurred as early
as the 14th century.

Szklarska Paba is regarded one of the best tourist centersoiand. The city is
picturesquely located at the bottom of Szrenica Main (1362m a.s.l.) at the altitude of
440 - 886m a.s.|. Enormous tourist advantages awmdrdble location makes Szklarska
Porba an attractive centre in both tourist and econasspect (fig. 1). The climate is high
mountain, with relatively low temperatures, a l6sanshine, low humidity and snow cover
remaining for about 110 days each year. Climatid malaxation advantages of Szklarska
Porba allow for an active way of spending time notyoinl winter season, but practically
all year round, by offering hiking along tourisaits, the network of mount bike paths and
the rich offer of cultural activities e.g. museums.

Around Szklarska Peba there are about 100 km marked trails. From thelr in the
heart of the town, the particular paths: the rddebgreen, black and yellow one, run in
a shape of a star towards the Karkonosze and @érgkie mountains. There is a two-stage
chairlift to carry people up Mt Szrenica, to anveliion of 603 m. The main part of
Karkonosze belongs to the Karkonoski National Pawkiich was declared by
UNESCO one of the World Biosphere Reserves (KarkpatiKrkonose). Along the paths
there are the characteristic rocks and rock groyps;al for the Karkonosze Mountains as
well as beautiful waterfalls and excellent lookpatnts.
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Fig. 1.A view from Szklarska Pgbra city centre (photo by: B. Kajdas).

Stop 1. The Mineralogical Museum

Mineralogical Museum in Szklarska Rba has one of the most particular geological
collections in Poland. There are gathered valuabieeralogical and paleonthological
specimens. Almost 2500 rocks and minerals fronoedlr the world can be admired in the
museum and one exhibit from space- Gibeon meteofite separate department of
museum is devoted for fossils including reconstounst of dinosaurs’ skeletons and an egg
of a dinosaur. In front of the building there areinks of carboniferous wood. The
collection comprised also the biggest in Polandkd@te diamond in its natural rock—
stolen in 2002. Now the glass box contains its dg$on and photos. Mineralogical
Museum is located on 20 Kikkiego str.

Stop 2. Karkonoskie Center for Ecological Education
Karkonoskie Center for Ecological Education in 8e$ka Pogba is an outpost of

Karkonoski National Park which coordinates ecolabieducation tasks. In Karkonoskie
Center for Ecological Education a lot of informatiabout the regions’ nature — the world
of animated nature and the inanimate side of tHisliPand Czech mountains are presented
in a very attractive way. Tourist paths and pradcareas are presented in the Centre.
A few roomsprovide visitors with a virtual tour of the podigial cirques, moors, fauna,
flora, and information about how humans have impaain mountain life. Visitors can
admire huge panoramas frofniezka, Chojnik, ,Samotnia” shelter, Szrenica, Owcze
Skaly, Studnina hora, Medédin and from few other places in Polish and Czech
Karkonosze, and mockup of Karkonosze Mountainsk#&@oskie Center for Ecological
Education organizes also field trips and classehé@mical and microscopy laboratories for

216



students, pupils and groups of visitors.

Stop 3. Szklarka Waterfall or Kamienczyk Waterfall

Several scenic sights are within walking distatieeSzklarska Peba centre. Only 1.5
km away from the town, near the road to JeleniaaiGone can admire the popular and
beautiful Szklarka Waterfall (fig. 2), the loveliegn the Karkonosze Mountains. It is
situated 520 m a.s.l. and is 13.3 m high. Watdallsng down forming characteristic wide
cascade narrowing at the bottom. Its beauty wasadyr well known by the 18th century.
Another possibility, depending on the weather igsit at the Kamiaczyk Waterfall (fig.
3). Itis situated 1.5 hour walking along touristip Kamigéczyk Waterfall it is the biggest
in Polish part of Karkonosze. Kamiezyk Stream has its spring at Szrenica Meadow 1260
m a.s.l. The waterfall is 27 m high and falls dowrthree picturesque cascades. It may be
admired from two spots. The upper part of the vallemay be vied from the viewing area
however the waterfall is much more beautiful whadvrom the Kamigczyk Canyon.

= pe S
Fig. 2. Szklarka W o by: B.Fig. 3. Kamiéczyk Waterfall (photo by: B.
Kajdas). Kajdas).
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